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JAMES DREVER 
1873-1950 


Emeritus-Professor James Drever was 
undoubtedly one of the outstanding psy- 
chologists of his generation, and his in- 
fluence on the progress and development 
of psychology can never be estimated. 
His death, on August 10th, 1950, was a 
grievous loss, not only to the science 
which he had made his own, but to many 
colleagues and friends in different parts 
of the world. 

Professor Drever was born on April 
8th, 1873, on the island of Shapinsay, 
one of the Orkney Islands off the north 
coast of Scotland. He was always proud 
of being an Orcadian, as all who came 
into contact with him realized, and any 
event connected with his native islands 
was sure to evoke in him a more than 
passing interest. After his illness in 
1948 when he was prevented from pre- 
siding over the meetings of the XII In- 
ternational Congress of Psychology at 
Edinburgh, his one ambition on leaving 
the nursing home was to breathe once 
more the refreshing air of Orkney, which, 
he was convinced, would renew him im- 
mediately in body and in mind. 

His attachment to his native islands 
persisted through life, and was revealed 
not only in his love of the sea and sail- 
ing, but in his interest in linguistics. He 
experienced great delight in tracing, for 
example, Scandinavian and other influ- 
ences revealed perhaps in a different 
turn of phrase as between the Orkney 
Islands and the mainland of Scotland. 


This love of words spread to studies of 
other languages. He became proficient 
in reading scientific articles in a number 
of languages, and it was fairly common 
to find him puzzling away at a gram- 
mar in some new language he was de- 
termined to master in order to read an 
article in the original. 

Professor Drever was led to a study of 
psychology from the adjoining sphere 
of education. After his first graduation 
as Master of Arts at Edinburgh Uni- 
versity, the teaching profession claimed 
him and he taught in various schools 
where he acted as assistant teacher and 
later as headmaster over a period of ten 
years. An invitation to become assistant 
to the late Professor Darroch, Professor 
of Education in the University of Edin- 
burgh, was extended to him, and he ac- 
cepted. This was an alliance which bore 
fruit some years later in the establish- 
ment of an Honors Post-graduate De- 
gree in Psychology and Education, the 
Bachelor of Education. During this 
time Professor Drever studied for the 
B.Sc. degree of London, and was awarded 
First Class Honors in Psychology in 
1909. 

For twelve years Mr. Drever, as he 
was then, and.Professor Darroch worked 
together, and during that time he lec- 
tured mainly on topics in the field of 
education. His courses were two: a 
course on Greek and Roman Education, 
and one on Present Day Problems in 
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Education. Concurrently he delivered 
lectures on psychology to students in 
training as teachers in Moray House 
Training College, Edinburgh. During 
this period his first contributed papers 
began to appear; one of them was a 
paper on “Kinds of Attention,” which 
was largely a criticism of Stout’s clas- 
sification of attention as formulated in 
his Groundwork of Psychology. The 
first book written by Professor Drever 
also made its appearance about this 
time, a small book on Greek Education 
published by the Cambridge University 
Press. 

A new development took place in 1912 
in the establishment of a pedagogical 
laboratory in Moray House Training 
College, one of the earliest to be estab- 
lished in the country. The laboratory 
was equipped with apparatus such as a 
Hipp chrd@noscope, an ergograph, a pen- 
dulum tachistoscope, memory apparatus, 
etc., and was intended for use by re- 
search angi advanced students. Profes- 
sor Drever was placed in charge, and 
soon work began on analytical studies 
of writing and reading, children’s vo- 
cabularies, etc., some of the results of 
which appeared in scientific journals. 
His monumental work, /nstinct in Man, 
gained for him the degree of Doctor 
of Philosophy (D. Phil.) in 1916, and 
marked him as a psychologist of the first 
rank. 

The break away from education into 
psychology came with the appointment 
of Professor Drever to the lectureship in 
Psychology at Edinburgh University in 
1918 on the death of Dr. W. C. Smith, 
and the lectureship included headship of 
the Department. As the Department de- 
veloped, the lectureship became a reader- 
ship, and ultimately a Chair, to which 
Professor Drever was appointed in 1931 
as the first occupant, and which he held 
until his retirement in 1945. 

The development of psychology in 
Edinburgh and the recognition of the 


importance of the Psychology Depart- 
ment in University circles and beyond 
are owing to the energy and initiative of 
Professor Drever. One of his character- 
istic traits was to do as well as possible 
any task undertaken whether it was 
service on a committee or a lecture to 
be delivered to an outside association. 
This spirit of “work well done” under- 
lay all his activities and is responsible 
for the tremendous growth of the De- 
partment under his guidance. The num- 
ber of staff, students and courses all in- 
creased, and from a modest department 
with a staff of two and some 70 or 80 
students, the Department increased to 
a staff of five or six with additional part- 
time members, and in a peak year to a 
student body of about 600. Additional 
honors courses became available, and 
students were able to study for the de- 
gree of Bachelor of Science or Master of 
Arts with Honors in Psychology, or, if 
trained teachers and graduates, for the 
post-graduate degree of Bachelor of Ed- 
ucation. More advanced students were 
attracted to the Department and en- 
gaged in research for the Degree of Doc- 
tor of Philosophy. These developments 
are a tribute to the intrinsic value of the 
courses given in psychology by its dis- 
tinguished professor and the standing 
they gradually acquired in the scientific 
world. 

Professor Drever laid great emphasis 
on the development of psychology as an 
experimental science. All his students 
received sound teaching both in funda- 
mental problems of psychology and 
in experimental psychology. Professor 
Drever was well aware of the value 
which accrued from training in experi- 
mental techniques, and students in their 
first year of psychology were compelled 
to attend, as part of the course, sessions 
in which various psychological phenom- 
ena were studied from the experimental 
angle. Similar sessions were instituted 
as part of the Honors courses in psy- 
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chology, and each Honors student was 
required to devote six hours weekly to 
experimental psychology. Former stu- 
dents now in important posts in different 
spheres and in all parts of the world 
have paid tribute from time to time to 
their thorough training in experimental 
psychology, and have expressed keen ap- 
preciation of its value to them. 

Professor Drever’s activities were not 
confined only to the George Combe De- 
partment of Psychology. He soon re- 
alized that psychology involved more 
than theoretical discussion, and so we 
find him becoming interested in the 
problems of juvenile delinquency. As far 
back as 1925 he set up in the Depart- 
ment the nucleus of a clinic for the 
study of delinquent children. This step 
immediately met an urgent need in the 
community, and from this small begin- 
ning there soon developed a fully-or- 
ganized Child Guidance Clinic, staffed 
on a voluntary basis by the members of 
the Psychology Department, but work- 
ing in collaboration with other experts 
who volunteered their services: psychi- 
atrists, pediatricians, social workers, and 
play-room attendants. The establish- 
ment of this pioneer voluntary clinic 
pointed the way, and led to the estab- 
lishment of child guidance clinics in 
Edinburgh and in other parts of the 
country. 

Other projects clamored for attention, 
and soon the staff was busy, on the 
initiative of Professor Drever, in the ad- 
ministration of a battery of psycholog- 
ical tests to all apprentices who desired 
to enter the printing trade, one of Edin- 
burgh’s most famous industries. This 
scheme was welcomed by both employers 
and employees of the printing industry, 
and has proved invaluable in the selec- 
tion of apprentices. It has now been in 
operation for over 20 years, and has 
been extended to other areas in Scotland 
and England. 

A different interest was the research 


undertaken by Professor Drever on 
studies of deaf children. On the initia- 
tive of a headmaster of one of the local 
institutions for the deaf, he was asked 
to devise some method of assessing. their 
abilities for purposes of instruction, and 
for use in vocational guidance. This in- 
vestigation soon spread to other schools 
for the deaf in Scotland, and then teach- 
ers of the deaf in England became in- 
terested. The final outcome of the 
research was formulation of a scale of 
performance tests for administration to 
both deaf and hearing children which 
is used extensively today throughout 
the British Isles and in the colonies. 
Other problems connected with the deaf 
child attracted his attention, and some 
of his conclusions are recorded as ar- 
ticles in The Teacher of the Deaf. 

The blind child also gained his sym- 
pathetic interest, and for a number of 
years Professor Drever served as Chair- 
man of the Royal Blind Asylum and 
School, Edinburgh. His advice was in- 
valuable, and many improvements in the 
teaching and care of the blind are the 
result of his wisdom and insight. A 
later and related project which he en- 
tered into wholeheatedly was the erec- 
tion near Edinburgh of a training center 
for the war-blind. This was no easy 
task, and many hours were willingly 
spent in organizing and bringing to 
fruition this ambitious scheme. The 
Scottish National Institute for Blinded 
Ex-Servicemen, now satisfactorily estab- 
lished, is a lasting tribute to Professor 
Drever’s purposefulness and his public- 
spiritedness. He was held in high es- 
teem by the staff of the Institute and by 
the blinded men who found in him one 
who had sympathy with their personal 
difficulties and who was ever ready to 
lend a helping hand. 

During his lifetime Professor Drever 
held many positions of honor. He was 
appointed President of the British Psy- 
chological Society, and during his tenure 
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of office (1935-1938) helped to guide 
its policy. He was also instrumental in 
inaugurating the Scottish Branch of the 
Society, of which he was the first Pres- 
ident. He was a faithful attender of the 
meetings of the British Association for 
the Advancement of Science, and served 
on a number of its research committees. 
He became President of its Psychology 
Section in 1926 and delivered an address 
on the penal system and its psycholog- 
ical implications. Other important posts 
reveal the extent of his activities: mem- 
ber of the National Advisory Council for 
Scotland on Physical Training, of the 
International Examinations Inquiry, of 
the Advisory Committee of the Selection 
of Personnel Branch at the War Office, 
of the Scottish Council for Research in 
Education, of the Scottish Association 
for Mental Health, and President of the 
Scottish Child Guidance Council. He 
was a Fellow of the Royal Society of 
Edinburgh, and in 1938 the King of 
Norway honored him by making him a 


Knight of the First Class of the Royal 
Norwegian Order of St. Olav. 

His life was one of constant endeavor, 
and every minute counted; yet he was 
always ready to give the benefit of his 
experience to anyone seeking advice or 


assistance. He was unable to suffer 
fools gladly, but any genuine enquirer 
after knowledge was sure of guidance 
and a sympathetic interview. His boy- 
ish enthusiasm, his spontaneous laugh- 
ter, and his delight in trying out intri- 
cate circuits in the set-up of experiments 
will long be remembered by his Honors 
students and colleagues. He was an 
indefatigable worker, and experienced 
great joy in work. He spared neither 
himself nor his staff. Those in close con- 
tact with him were continually amazed 
at his tirelessness. He had an alert 


mind, showed a quick grasp of any 
intricate problem, and enjoyed debate. 
His sincerity and integrity are well- 
known, and he brought to any problem 
an unprejudiced and unbiassed outlook. 
He endeared himself to his students by 
his unassuming manner, his tolerance, 
his friendliness and easiness of approach. 
Former students kept in touch with him 
over the years and became his friends. 

His contribution to psychology is con- 
siderable, both in directing its develop- 
ment by his own outstanding genius, and 
by the influence exerted on many thou- 
sands of students. Those of his students 
who specialized in psychology are now 
in turn guiding others in all quarters of 
the globe. His books and articles are 
numerous, and many of the former have 
gone through many editions. Before 
his death he had just completed a Dic- 
tionary of Psychology which is at pres- 
ent in the press, and which will be of 
considerable value to all psychologists. 
For a number of years he was Editor of 
the British Journal of Psychology Mono- 
graphs, and Assistant Editor of the Brit- 
ish Journal of Psychology. He was also 
Associate Editor of two American psy- 
chological journals. 

The death of Professor Drever is a 
loss to psychology and to psychologists. 
His wise counsels were heard with re- 
spect by old and young. His many acts 
of unobtrusive kindness in helping young 
psychologists can never be told, but his 
gracious presence will linger in the mem- 
ory of all who had the privilege of know- 
ing him. The world has lost not only 
a genial personality, but an eminent 
scholar of international repute, and a 
psychologist of the highest rank. 


Mary COLLINS 
University of Edinburgh 





HOMEOSTASIS AS A UNIFYING CONCEPT IN 
PERSONALITY THEORY 


BY ROSS STAGNER 
University of Illinois 


The task of personality theory is to 
achieve generalizations having maximum 
applicability with maximum predictive 
value. Such generalizations may relate 
to personality as a feature of all human 
organisms, or to personality as the unique 
totality of a single individual. The most 
fruitful generalizations would seem to be 
those which are useful in both of these 
areas. 

It is proposed here that the principle 
of homeostasis—the law that organisms 
seek to maintain constancy of inner tis- 
sue conditions—can be expanded into a 
major generalization in the field of per- 
sonality theory. This principle can be 
shown to have value in illuminating 
personality considered both as a uni- 
versal and as a unique phenomenon. 

While the concept of homeostasis in 
itself needs no restatement here, the par- 
ticular sequence of ideas to be developed 
calls for a beginning at the basic physio- 
logical level. Treating this very briefly, 
we shall then discuss in more detail some 
broader implications of the concept. 

Homeostasis was first identified as a 
major biological concept in connection 
with the maintenance of essential tissue 
equilibria, such as the oxygen, tempera- 
ture, glucose and other inner constants 
(31, 8). These inner constancies cor- 
respond to the basic biological needs 
upon which behavioristic theorists de- 
velop their conception of personality dy- 
namics. 

According to this view, any disturb- 
ance of essential constancy leads to ten- 
sion, restless activity, contacting the 
needed substance, and restoration of 
equilibrium. As metabolism consumes 


glucose, for example, the hunger tension 
arises. Seeking-behavior results in the 
location and ingestion of food; the re- 
turn to equilibrium is accompanied by 
quiescence. 

It is, however, obvious that the or- 
ganism does not simply continue to re- 
store those biological equilibria which 
are essential to the existence of our pro- 
toplasm. While critics of homeostatic 
theory have suggested that this view of- 
fers only a static explanation of behav- 
ior, a recurrent restoration of a pre- 
existing state, such interpretations are 
unfair to the theory. When a given 
tissue constancy is first disturbed, the 
organism mobilizes energy for action 
which ceases when the equilibrium is 
restored. Recurrence of this same dis- 
turbance is another matter. (1) The or- 
ganism percieves minimal physiological 
changes as cues and anticipates the dis- 
turbance. Forestalling action therefore 
becomes possible. (We eat before we 
experience intense hunger pangs.) We 
suggest that energy mobilization for 
forestalling tactics must be explained in 
terms of a cortical tension which reflects 
the visceral-proprioceptive pattern of the 
original biological disequilibration. (2) 
The organism perceives environmental 
objects as potential sources of equilib- 
rium-restoration and behaves differently 
toward them (hoarding food, building 
houses or nests, etc.). Thus, repeated 
disequilibration results in continuous 
modification of the organism and its per- 
ception of the external world. Dynamic 
homeostasis involves the maintenance of 
tissue constancies by establishing a con- 
stant physical environment-—by reduc- 
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ing the variability and disturbing effects 
of external stimulation. Thus the or- 
ganism does not simply restore the prior 
equilibrium. A new, more complex and 
more comprehensive equilibrium is es- 
tablished. 

But it is not only the changes in phys- 
ical situations which disturb tissue con- 
stancies. Persons become increasingly 
important to us from birth onward. To 
the infant the presence of mother is a 
sign of tissue constancy and physical-mi- 
lieu constancy. The absence of mother 
becomes a sign of disequilibrium and 
threat. Thus, the mother’s appearance, 
voice, etc., can become valued as a 
means to biological equilibrium. In the 
same way other changes in the social 
environment may come to function as 
signals for biological disturbance, and 
set off anxiety tensions, energy mobiliza- 
tion, and vigorous action toward the res- 
toration of social-milieu constancy (12). 
The organism may then take anticipa- 
tory measures to prevent change in the 
social environment on subsequent oc- 
casions. 

This sequence of events leads to the 
view of personality sketched in Figure 
1, where it is suggested that the individ- 
ual, dynamically striving to preserve his 
inner tissue constancies, moves succes- 
sively to build a constant physical envi- 
ronment (second level), and a constant 
social environment (third level). These 
may be thought of as envelopes protect- 
ing the biological constancies. It is as- 
sumed that, in the typical sequence, de- 
mand for physical constancy emerges 
first and demand for social constancy 
second, the latter being based in con- 
siderable part upon the need for physical 
uniformity. This leads to the predic- 
tion that threats to the organism’s phys- 
ical environment will generally produce 
more vigorous energy-mobilizations than 
threats to the social constancies; and 
that actual biological disequilibrium will 


dominate over either of the others. For 
the most part this prediction is verified: 
under the pressure of physical hazard,’ 
social amenities disappear (13); and 
under extreme hunger or pain, the phys- 
ical environment is likely to be disre- 
garded. We shall consider later the case 
in which this prediction is not verified. 


HOMEOSTASIS AND PERCEPTUAL 
CoNSTANCY 


Before elaborating further on the mo- 
tivational aspects of homeostatic theory, 
it is desirable that we introduce a new 
thread into the pattern. An important 
part of stage two (the establishment of 
a constant physical milieu) is perceptual 
in character. The so-called “perceptual 
constancies” (size constancy, color con- 
stancy, etc.) must be introduced here if 
we are to get a clear picture of the ex- 
tensive role played by the homeostatic 
principle in personality organization. 

Every undergraduate student of psy- 
chology learns that objects tend to be 
visually perceived as having a constant 
size, shape and color under varying il- 
luminations and at varying distances. 
It is noted that these external conditions 
make it physically impossible to have a 
constant retinal image; perceptual con- 
stancies are therefore central in basis. 
The teacher does not always point out 
to the undergraduate that such constan- 
cies have survival value; but it is fairly 
obvious that man could not have sur- 
vived under primitive conditions if he 
failed to identify the small image of a 
saber-tooth tiger before it reached the 
size associated with immediate physical 
danger. 

When observed from this point of 
view, the perceptual constancies appear 
to be another facet of homeostasis. The 
organism needs a constant external envi- 
ronment if it is to maintain constant 
tissue states. In attempting to reduce 
the variability of external stimuli 





Homeostasis AS A UNIFYING CONCEPT IN PERSONALITY THEORY 7 


(threats to equilibrium or sources of 
needed substances), the organism must 
deal with objects. But objects, as stim- 
uli affecting the distance receptors, are 
protean in size, shape and color. Under 
such conditions adjustment is most dif- 
ficult. The organism therefore learns to 
perceive identical objects as possessing 
these constant attributes. 

The excellent treatment by Hebb (18) 
of the problem of perception has made 
it unnecessary to defend this suggestion. 
As Hebb has noted, the Gestalt emphasis 
on native factors in object perception 
should be restricted to the perception of 
unity; that is, the awareness of form 
and ciosure. The evidence he cites 
bears rather convincingly on the notion 
that identity must be a product of 
learning; indeed, it would seem that 
more than normal faith in mysterious 
organismic powers would be required to 
explain size-constancy on a nativistic 
basis.* 

Hebb has placed rather less emphasis 
than seems justified upon the fact that 
perception is itself a purposive, need- 
directed process dominated by organ- 
ismic homeostasis. It is interesting in 
this connection to consider the work of 
Adelbert Ames, Jr. (3), and the variety 
of research activities stimulated thereby 
(9, 17, et al.). It appears from these 
findings that even so simple a perception 
as that of two lines of light ina dark 
room is modified by the set or purpose 
of the observer, and that the perceived 
characteristics (size, shape and distance) 
of objects inhere in their relations to the 
purpose of the perceiver. Since—as the 
first section of this paper indicated— 
purposive activities can be subsumed un- 
der the homeostatic category, this line of 


1 There is even reason, according to Raney 
and Carmichael (29, p. 16), to believe that 
both sensitivity and respanse are determined 
initially by inner, metabolic factors; and that 
outside stimuli acquire “meaning” in their 
function of interrupting or facilitating such 
endogenous behavior. 


reasoning confirms the view that the per- 
ceptual constancies are also to be con- 
sidered as homeostatic manifestations. 

Helson (19) has argued persuasively, 
and the data of other researchers agree, 
that the frame of reference of the in- 
dividual tends toward a constant organ- 
ization about a point determined by the 
geometric mean of his experiences with 
the class of stimuli presented. This sug- 
gests that the organism builds not merely 
a constancy for characteristics of indi- 
vidual objects, but also constancy for 
classes of objects. Thus Hastorf (17) 
notes that subjects make a projected rec- 
tangle of light larger when operating 
under the task-set of representing an 
envelope than when representing a call- 
ing card. , 

This is possibly the explanation for 
the finding of Bruner and Goodman (7) 
that poor children make a circle repre- 
senting a 25-cent piece larger than it is 
made by well-to-do children. It may be 
that the “physically real” value (pur- 
chasing power) was greater for the 
poorer children; thus constancy would 
favor the larger size. 

Physical perception of objects, and of 
classes of objects, as possessing constant 
characteristics, will aid survival. It be- 
comes possible to contact needed sub- 
stances and avoid noxious stimuli, to deal 
adaptively with physical reality; whereas 
reactions based directly upon the protean, 
ever-changing peripheral receptor proc- 
ess would induce only behavioral confu- 
sion.2, We must maintain external as 
well as internal constancy. 

2 We are intrigued, in this connection, with 
the work reported by Eysenck (11) and others 
on dark-vision of anxiety neurotics. It ap- 
pears that bar patients show a far greater 
loss of visual efficiency under dark adaptation 
than normals or hysterics. Could this be 
due, in anxiety cases, to the presence of a 
deep insecurity about these perceptual con- 
stancies? Does it mean that children who, 
for any reason, fail to stabilize firmly these 
percepts—under widely varying physical con- 
ditions—are prone to develop anxiety neurosis? 
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CONSTANCIES IN SOCIAL PERCEPTION 


Perceptual constancies may very well 
contribute in a major way to the estab- 
lishment of the uniform social milieu 
which has been suggested as the third 
level of homeostatic adjustment. Suc- 
cessful adaptation of the child to de- 
mands of his parents is unquestionably 
facilitated if he behaves on a “con- 
stancy hypothesis” with respect to them. 
Where reality constantly frustrates this 
tendency (very inconsistent real behav- 
ior by a parent), maladjustment seems 
invariably to result. 

In later social development the same 
pattern appears. Our perception of in- 
dividual personalities follows the con- 
stancy principle. If I observe Mr. 
Smith behaving in a weak, futile, inef- 
fectual manner today, I shall be pre- 
disposed to perceive those same char- 
acteristics in his actions tomorrow (the 
so-called “halo” effect). This phenom- 
enon is likewise adaptive and homeo- 
static in character. The person, in his 
efforts to achieve tissue constancy, must 
operate on some hypothesis as regards 
external reality. Since the constancy 
hypothesis proves useful in dealing with 
inanimate objects, it tends-to be trans- 
ferred to dealing with people. Further, 
infantile experiences usually reinforce 
the constancy hypothesis. Mother has 
a dependable relationship with food, 
comfort and security. Strangers are 
often associated with disturbance of 
equilibrium, thwarting of needs, pain, 
discomfort: and insecurity. Thus the 
perception of specific individuals, and of 
classes of people, may become organized 
as constants and this may aid in adjust- 
ment. Unfortunately, or fortunately, as 
one chooses to view the phenomenon, 
humans do not in reality manifest such 
constancy as does an inanimate object. 
The perception of personality-constancy 
is thus projective and inaccurate in 
many instances, but is adhered to never- 
theless. 


Once a delineated percept for a given 
individual or group is established, it 
tends to persist. We overlook in our 
friends behavior that we bitterly criticize 
elsewhere. Undesirable characteristics 
simply are not perceived. Conversely, 
disliked individuals are seen as having 
“bad” traits even when no objective 
basis for this perception can be identi- 
fied.* 

Leeper (24) demonstrated the estab- 
lishment of a constant percept for an 
ambiguous figure. By showing a pic- 
ture which allowed only one alternative 
(from the ambiguous drawing) to be 
seen, he was able to fix the perception 
so that it was virtually impossible for 
subjects to get the other object. Ed- 
wards (10) verified the existence of a 
selective tendency based on established 
perceptions, tending to ‘aaintain con- 
stancy. He presented a speech contain- 
ing an identical numer of pro-New 
Deal and anti-New Dwal statements to 
his subjects. Repub!icans remembered 
mostly anti-New Dvz! items (and dis- 
torted some favorable remarks into hos- 
tile comments) ; Democrats remembered 
pro-New Deal facts and ignored the 
others. Thus a percept of an idea or 
social object, once established, obeys the 
constancy principle. 

The effect of reality (experience fol- 
lowed by action directed toward the ob- 
ject) no doubt is in the direction of 
modifying constancies established on an 
unrealistic basis. This process, in the 
field of physical reality, probably pro- 
ceeds promptly and reliably. In social 
perceptions it is slower and less depend- 
able. As the various studies of stereo- 
types of social groups indicate, such pic- 
tures develop without much basis in 
reality. Even when world events clearly 


8A methodical analysis of perceptual con- 
stancies in the social field will be found in the 
recent monograph by Gustav Ichheiser (20). 
While we are in disagreement with minor parts 
in this treatment, it is generally supplementary 
to the basic thesis presented here. 
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have a bearing on the qualitative nature 
of this stereotype, it is modified but 
slowly (35). Thus we may generalize 
that a fundamental tendency of per- 
sonality seemed to be one of perceiving 
constancy in individuals (or groups of 
individuals), and to behave toward them 
in terms of these perceived constancies.* 
There is reason to believe (28, p. 107) 
that the preservation of a constant ex- 
ternal environment is an aid to the 
development of a well-integrated ego. 
While we need not accept the analytic 
metaphor that “objects are internal- 
ized,” we are on safe ground in stat- 
ing that habits will function smoothly, 
and perceptual expectancies will be ad- 
equately related to objective reality, if 
this physical constancy is maintained. 
The constancy of the social milieu is 
also important. The child establishes 
certain expectancies with regard to his 
parents—their personalities and behav- 
ior. He attains security as their actions 
fit into these expectancies. Further- 
more, he imitates them, and develops 
certain expectancies for his own be- 
havior patterned on theirs (the Freud- 
ian ego-ideal). Now, as Jacobson (21) 
and Plant (28) have noted, the effect of 
disappointment as regards their char- 
acteristics can be quite destructive of 
ego-integration, especially about the 
Oedipus age. It is worthy of note that 
both of these. authors equate disappoint- 
ment to disillusion. In our scheme this 
is equivalent to the disturbance of a per- 
ceptual constancy in the social field. 


NEED AND PREFERENCE 


Let us now turn to a criticism of 
homeostatic theory which is of consider- 
able importance. This approach may be 
represented by P. T. Young (37), who 
has pointed out cogently that rats and 
humans may be motivated to more 


4See Murphy (27, pp. 331-339) for a treat- 
ment of these phenomena in a rather different 
theoretical context, 


vigorous action by preference than by 
homeostatic need. The answer to this 
criticism can best be given in terms of 
perceptual phenomena. 

We have already emphasized that the 
organism responds selectively to external 
stimuli when motivated by homeostatic 
tensions. Thus, certain perceived qual- 
ities of objects come to function as cues 
directing behavior toward these objects. 
It seems likely (1) that some such cues 
are innately given, in the sense that 
selective threshold differences are built 
into our nervous system. For example, 
mother’s milk must be acceptable te the 
infant if the latter is to survive. We 
may therefore hypothesize that mam- 
malian strains not provided with dif- 
ferential sensitivity to warm, sweet liq- 
uids were eliminated early in biological 
history. It is true, of course, that there 
are other substances which offer these 
cues (cf. Young’s rats who chose sac- 
charine solutions) but which are not 
homeostatic in character. 

A realistic approach to behavior the- 
ory requires a consideration of the fact 
that modern conditions face the organ- 
ism with new objects of indeterminate 
homeostatic significance. Man (presum- 
ably by Darwinian selection processes) 
is so biologically constituted that he has 
sensory mechanisms capable of report- 
ing on most of the noxious stimuli hav- 
ing any considerable probability of oc- 
currence in primitive life. Furthermore, 
these sensory selectivities are triggered 
to visceral tensions in such a way that 
violent activity is released by the per- 
ception of this cue (physical pain, for 
example). 

Man has not, however, evolved sen- 
sory mechanisms for the detection of 
X-rays, gamma rays, and other noxious 
stimuli present in modern life. This 
does not constitute a criticism of homeo- 
static theory, but only a recognition of 
the fact that some new sources of tissue 
disequilibrium have been invented. Or- 














2 rere aren cee 
was ee Dee 


10 Ross STAGNER 


ganic disturbances must set off be- 
havioral activity by way of afferent fi- 
bers. When the sensory mechanism is 
inadequate to detect a harmful stimulus, 
no homeostatic protective action is pos- 
sible. 

Similarly, modern living presents us 
with many stimulus objects perceived as 
identical with those having homeostatic 
value. If these are preferred, though 
useless, it may mean an “error” on the 
part of the integrating mechanism; it 
does not invalidate the theory. 

A further point merits consideration, 
namely the fact (2) that learning to 
identify objects as equilibrium-restor- 
ing is never mathematically perfect. 
The organism operates on a probability 
basis. In the language of hypothesis- 
learning, we may say something like 
this: “In the past, most warm, sweet 
liquids have served as tension-reducers. 
The probabilities are high that this 
warm, sweet liquid is also need-satisfy- 
ing in character.” The phenomena of 
stimulus equivalence and positive trans- 
fer suggest that, within certain limits of 
discrimination threshold, objects pre- 
senting similar cues will be perceived 
as identical. Thus rats and men may 
prefer substances which are not homeo- 
static in function, but are incorrectly 
identified as such. 

Preference for foods may be changed 
either by satiating with the preferred 
food or by creating a need for the non- 
preferred substance (37). However, in 
the latter case it is necessary to break 
up the physically perceivable situation 
so that the preferred food does not affect 
the distance receptors simultaneously 
with the non-preferred. _ Otherwise the 
constancy based on former needs and 
tensions appears capable of blocking the 
establishment of a new habit adequate 
to the new need. 

This seems to have considerable bear- 
ing on the success of reform or therapy. 
If the delinquent (or neurotic) is simply 


replaced in the environment which led 
him to develop maladjustive patterns of 
perceiving and acting, these are likely to 
be reinstated and to continue to domi- 
nate the motor system. 

Young’s own éxperiments (38) show 
conclusively that preferences can be 
built upon a homeostatic need. It thus 
appears far more defensible to hold that 
homeostasis is the primary motivational 
principle involved, and that preference 
(palatability, affectivity) is simply a 
derivative based upon (1) inherent sen- 
sitivity thresholds of homeostatic signif- 
icance, or (2) non-discriminable differ- 
ences from signs of homeostatic goal- 
objects. 

At this point it will be well also to 
deal briefly with two less fundamental 
criticisms of homeostatic motivation the- 
ory. One of these calls attention to the 
fairly obvious fact that, in the short 
run at least, people often indulge in be- 
havior which is disequilibrating; the 
other, that behavior directed to the 
maintenance of a constant state some- 
times takes such a form as to prevent 
the achievement of that state. Neither 
of these objections seems to carry much 
weight. 

The relationship between short-run 
disequilibrium and long-run equilibrium 
has been dealt with rather adequately 
by Freeman (14), following the excel- 
lent analysis by Freud (16). That men 
do in fact go on fasts, climb mountains, 
hunt dangerous animals and in other 
ways disturb constant states is a truism. 
That such behavior violates the principle 
of homeostasis is not a truism. 

The organism is constantly faced with 
the necessity for maintaining a variety 
of constant states and hence with the 
task of determining priorities. It seems 
safe to assume that within the biological 
needs, the relative survival significance 
of a given demand is keyed to dom- 
inance of the motor system: that is, 
that the hierarchy of physiological 
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drives is a function of the threat to 
survival implied by a given deprivation. 
As we move from this level to the main- 
tenance of a constant physical and a 
constant social environment, we encoun- 


ter more difficulty in ascertaining the, 


principles upon which dominance is 
based. It should be clear, nonetheless, 
that the organism in some way evolves 
standards of value, in terms of which 
choice is made as to the particular con- 
‘stancy which gets priority. Probably 
the history of the individual ‘is decisive 
in this respect. 

The facts indicate that the epithet 
“coward” may be more disturbing to 
equilibrium than the physical danger of 
facing a wild animal. Or, the humilia- 
tion of losing valued social status may 
be more upsetting than the physiological 
disequilibrium induced by mountain 
climbing. In terms of the view pre- 
sented here, such choices will be func- 
tions of the perception of these alterna- 
tives, and this in turn will depend upon 
the number and kind of reinforcements 
related to such percepts. In one boy’s 
family, physical prowess is constantly 
praised and rewarded; in another, it is 
ignored or depreciated. There is a sig- 
nificant relationship here to Freud’s re- 
ality-principle; a short-run or minor dis- 
equilibrium may be accepted in order 
to achieve a long-run or major equilib- 
rium. A fruitful approach to this prob- 
lem is that of Mowrer (26), which uti- 
lizes the observation that some people 
orient their behavior to the rewards or 
punishments physically present or near 
in time, neglecting those to follow in 
the future. In the context of the present 
paper, the phenomenon is one of per- 
ceiving as larger that which is closer 
in time. 

The second objection refers to those 
acts which ostensibly aim at restoring 
equilibrium but in fact prevent it. Thus 
we have the instance of the insecure, 
affection-starved woman who, in de- 


manding love from people, so frightens 
them that she becomes even more in- 
secure. When phrased thus, the prob- 
lem promptly vanishes. No proponent 
of homeostatic theory has ever claimed 
that the organism did not make errors. 
Probably a young lion, trying to catch 
game, often is overeager and loses his 
dinner; this may be considered unfor- 
tunate—for him—but does not deny the 
applicability of homeostasis to his be- 
havior. 

This difference, of course, needs to be 
noted; the lion learns to correct his 
seeking behavior, or else he dies. The 
neurotic does not, without guidance, 
learn to identify and eliminate his er- 
rors; on the contrary, he is most likely 
to establish an artificial constancy, per- 
haps on a fantasy level, in which his 
acts are not errors. That such inher- 
ently unstable equilibria lead to a piling 
up of residual tension and so eventually 
to breakdown has been aptly stated by 
Freeman (14), as in a different context 
by all the psychoanalysts. Sex conflicts 
lead to neuroses, whereas conflicts about 
food do not, because an unstable equilib- 
rium with regard to food-need results in 
the destruction of the organism. Per- 
ception of non-food objects as edible, 
and of food as inedible, means suicide. 
Such a perceptual constancy, as regards 
sex, may be extremely uncomfortable— 
and yet, as the patient sees it, more ac- 
ceptable than the apparent alternative. 
It seems likely that neurotic equilibria 
become stabilized only with regard to 
conflicts which do not violate the most 
comprehensive constancy of all—the 
maintenance of the total organism as a 
going concern. 


Eco-ConsTANCY AND Eco-MorTIvATION 


Let us now return to the problem 
raised in an earlier passage, the problem 
of the dominance of social constancies 
over biological constancies. This is the 
problem raised by exceptions to the sug- 
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gestion made earlier, that biological de- 
mands finally control perception and be- 
havior. How can homeostatic theory 
deal with the artist who starves in a 
garret to express his ideas, the martyr 
who prefers physical pain to an aban- 
donment of his beliefs? 

The solution to this problem seems to 
depend upon the evolution of a new 
perceptual object, the self or ego, and 
the establishment of a perceptual con- 
stancy with regard to it. The theory 
of the development of the ego as an 
object of perception has been presented 
adequately elsewhere (23, 2, 32). The 
tendency toward perceptual constancy 
will operate to hold constant the self- 
image. Since the ego will be repeatedly 
perceived as part of a total situation 
involving the restoration of biological 
equilibrium, physical constancy and so- 
cial uniformity, it can become a highly- 
valued cue-object for the maintenance 
of all needed equilibria. The possibil- 
ities of mutual reinforcement (by dif- 
ferent inner tensions) and of over-valu- 
ing the ego as object are therefore 
obvious. 
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Fic. 1. The inner tissue constancies are 
most resistant to disturbance, and mobilize 
maximum energy to restore equilibrium. The 
physical environment is maintained constant 
by perceptual and functional activities, as is 
the social environment. Individuals differ in 
the extent to which physical or social con- 
stancies will be defended. 
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Fic. 2. In some personalities, ego-constan- 
cies come to dominate the motor system even 
to the exclusion of biological constant states. 


The maintenance of ego-constancy 
may involve physical, social or individ- 
ual uniformities. The child may seek to 
maintain himself in relation to physical 
patterns of security or symbols of pres- 
tige, such as toys, clothing, etc.; or he 
may focus on dominance or submission, 
exhibitionism or withdrawal, as social 
patterns; or he may try to act out verbal 
labels attached to him by adults, such as 
studious, “bad boy,” artistic, or stupid. 

The self-image (including the relation 
of self to environment) so evolved repre- 
sents a “constant state” which the or- 
ganism seeks to preserve. As such it 
may dominate the motor system and 
may even prevent homeostatic action 
based on earlier physical or social con- 
stancies. The person defending his ego- 
system of percepts and values may ac- 
cept social ostracism or even physical 
disequilibrium. The mature ego, there- 
fore, has its own constancy function; it 
tends to render the personality more in- 
dependent of random changes in the 
physical or social milieu. 

In this connection it should (unfor- 
tunately, perhaps) be emphasized that 
only a modest percentage of people 
really come to value ego-constancy as 
highly as often-cited examples would 
suggest. Thus, we need only look at 








Homeostasis AS A UNIFYING CONCEPT IN PERSONALITY THEORY 13 


Germany, where most people, even in 
the professional classes, abandoned 
valued portions of the self-image in 
order to preserve biological, physical 
and social constancies under the Nazi 
regime. 

We suggest, however, that in some in- 
dividuals a modification of the schema 
shown in Fig. 1 is necessary. For these 
persons the self or ego becomes a per- 
ceptual object, the constancy of which is 
highly valued. It may dominate over 
the social milieu, as when a person suf- 
fers ostracism for his ideals; or even 
over the physical environment, as in the 
man who indulges in hazardous activities 
for ego-gratification. Finally, in ex- 
treme forms, it may be represented as 
in Fig. 2, where the individual actually 
is more disturbed by loss of ego integrity 
than by hunger or pain. 

The motivational potency of threats 
to the ego will depend, then, on the pat- 
tern of constancies an individual is try- 
ing to maintain, and upon their relative 
dominance. In everyday life this is 
likely to be ascertained by observing the 
types of disequilibrating stimuli which 
are most effective in mobilizing his 
energies. Thus we may find John (a 
viscerotonic, in Sheldon’s schema) con- 
cerned mostly with his vegetative func- 
tions; he lives to eat, and is most pro- 
foundly disturbed by any stimulus 
which interferes with his visceral peace. 
Harry, on the other hand (perhaps an 
Adlerian case), may be concerned pri- 
marily with status equilibrium; his mo- 
tivation is ego-centered, and any stim- 
ulus perceived as a threat to status sets 
off a violent reaction. Tom (studied by 
a Freudian, hence an anal-erotic) has an 
equilibrium based on order, scheduling 
and precision of physical arrangement; 
any interference with these patterns may 
be profoundly disturbing to him. Ob- 
viously, any number of such illustrations 
could be offered. 

For the purposes of clinical personal- 


ity study, it is more fruitful to investi- 
gate the particular pattern of perceptual 
constancies most characteristic of the 
person, rather than to hunt for behav- 
ioral constancies. Thus the orthodox 
analytic procedure is likely to determine 
father-figures, mother-figures, situations 
symbolizing traumatic (disequilibrat- 
ing) stimuli, and so on. The non-direc- 
tivists are concerned to obtain knowl- 
edge of the client’s self-image, as well 
as his perception of reassuring and 
threatening social objects. 

Action, of course, is directed by per- 
ception, not by the “physically real” 
stimulus. Under most conditions this is 
adaptive; it is, indeed, our justification 
for the survival value of the perceptual 
constancies. When the physically pre- 
sented stimulus is so contrived as to 
give a perception of a radically different 
object (as in certain of the Ames dem- 
onstrations), behavior is governed by 
the percept, not by the intellectually 
known reality. 

Clinical psychologists are, of course, 
familiar with this phenomenon. The 
patient perceives a harmless situation as 
involving a drastic threat to his ego. 
He may rationally know the threat to 
be non-existent; it may be demonstrated 
logically or even empirically to be non- 
threatening. Nevertheless, as long as 
the perception holds, the behavior is 
governed by perception, not by knowl- 
edge. 

The importance of this point for so- 
cial psychology was developed by Kurt 
Lewin (25) in a penetrating essay. Ra- 
tional, intellectual education against 
prejudice, in favor of new ways of deal- 
ing with human-relations problems, is 
doomed to failure unless it is accom- 
panied by education for a new way of 
perceiving the situation. If minority 
groups continue to be perceived as hav- 
ing undesirable characteristics, behavior 
toward them will be discriminatory. We 
may even say that, within this restricted 
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frame of reference, prejudice is rational; 
if the physically real minority group 
member had these traits, it would be 
proper to discriminate. The same, of 
course, can be said of the neurotic; a 
man would be a fool if he were not de- 
fensive when surrounded by the terri- 
fying dangers which people the neurot- 
ic’s environment. It is only by under- 
mining the “unreal” perception that we 
can make progress. 

In social relationships, behavioral con- 
stancy also reinforces perceptual con- 
stancy. If a man enters a group and 
perceives the other men as aggressive 
toward him, he will probably behave in 
such a way as to evoke aggression. A 
woman who attends a tea expecting to 
be snubbed may stay away from others 
and thus elicit non-accepting responses; 
she then concludes that her original per- 
ception of the situation was correct. 
There is, consequently, a major differ- 
ence between the homeostatic process in 
the perception of physical and of social 
situations. Erroneous perceptions of 
physical constancies are automatically 
selfcorrecting; in the quest for need- 
gratification, behavior based on inad- 
equate perceptions will fail of reinforce- 
ment. Because of the mechanism just 
sketched, behavior based on erroneous 
perceptions of social situations may be 
reinforced; thus an artificial constancy 
of the perceived environment is perpet- 
uated. 

According to the work of Frenkel- 
Brunswik (15) and her collaborators, in- 
tolerance of ambiguity is in itself a 
major personality variable. The secure 
individual is not seriously disturbed by 
unclear physical percepts or equivocal 
emotional relationships. Certain inse- 
cure personalities, on the other hand, 
seem to be quite upset by any deviation 
from clearly defined structures, either 
perceptual or emotional. This quest for 
security through rigidity may be a func- 
tion of having change and uncertainty 


forced upon the child before he is ma- 
ture enough, or the ego-system well 
enough organized, to accept them. Many 
neurotics are capable of normal func- 
tioning in a constant environment, but 
they are thrown into panic by even 
minor changes. Clearly, in these cases, 
ego-constancy has mot been successfully 
developed to replace physical and social 
constancies. 


PROJECTIVE TESTS 


Projective tests reveal the inner per- 
sonality to the extent that they expose 
perceptual constancies. If, in a series 
of Rorschach blotg, the person repeatedly 
perceives objects in distuxbed motion, or 
if he seems able to see only minute, care- 
fully delineated forms, the clinician is 
provided with supposedly valuable in- 
formation. When a series of TAT pro- 
ductions gives repeated characterizations 
of father-figures as stern, punishing and 
repressive, we feel that something of im- 
portance has been ascertained. The 
relative value of specific tests is largely 
a function of the extent to which they 
tap important percept., particularly if 
the characteristics of these percepts are, 
for one or another reason, not available 
to conscious report. 

Projective tests are more useful than 
reality situations for diagnostic pur- 
poses. The percept in the latter case 
is likely to be a compromise between 
a value corresponding to true “con- 
stancy” and that dictated by the phys- 
ical stimulus.’ Even the neurotic does 
not perceive all social situations as 
equally threatening. While his “con- 
stancy” hypothesis may be that all adult 
males are threatening, the smile, voice, 
etc., of a specific male acquaintance may 
give him some reassurance. The ambig- 
uous projective situation thus gives a 


5 This happens also in the laboratory. Cf. 
particularly the studies cited by Woodworth 
(36, pp. 605-621). 
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more valid insight into this inner de- 
terminant of behavior than many reality 
situations. 

THERAPY 


The purpose of therapy, of course, is 
to help the patient achieve a realistic 
equilibrium in place of the unstable 
neurotic pattern he has evolved. Be- 
havior aimed at the achievement of 
realistic need-gratifications and inner 
homeostasis is blocked by a pattern 
of inappropriate perceptual constancies. 
Therapy, then, must operate by modify- 
ing these perceptions of the self and the 
environment (cf. 33). Just as sugges- 
tion’ from a person of prestige may 
modify the perception of a social object 
(5), so suggestion from the respected 
therapist may induce modification of a 
perceived personal relationship. In the 
analytic situation, reactivation of infan- 
tile emotions without punishment and 
without rejection often leads to restruc- 
turing of percepts involved. This is not 
accomplished without extensive disturb- 


ances of equilibrium, and profound ten- 
sions within the patient. 

As with projective tests, it is appar- 
ently possible in therapy (specifically, 
in the transference relationship) to evoke 
relatively “pure” emotions freed of re- 


ality factors. That is, if the therapist 
succeeds in keeping himself unclearly 
structured, the patient may project onto 
the therapist his image of one or more 
emotion-arousing figures; and the pa- 
tient’s experienced emotion in this case 
is uncomplicated by the reality features 
of the immediate situation. Since this 
makes an excellent opening for the ther- 
apist to demonstrate the projective char- 
acter of the patient’s perceptions, it of- 
fers an optimal chance for corrective 
work. 

The modern trend in therapy calls 
for guided efforts at reality-testing by 
the patient (1, pp. 87-94). It is im- 


portant that this be done if therapeutic ° 


gains are to transfer to everyday life, 


but it is futile to urge reality exper- 
imentation prior to insight and percep- 
tual modification. Indeed, the neurotic 
at the onset of therapy will claim that 
he has tested reality and found it want- 
ing. What he does not realize is that he 
never actually contacted reality; he per- 
ceived only his own projected universe 
of constant threats and frustrations. 
Thus a change in perception of the self 
and the environment is a necessary pre- 
linminary to practice of new patterns.® 

Implicit in the foregoing is the notion 
that therapy, in the early stages, leads 
to a disturbance of equilibrium. Neuro- 
sis is homeostatic in character; the 
neurotic has established his stable envi- 
ronment, with some dependable need- 
gratifications; even a painful symptom 
serves its purpose in the psychic econ- 
omy. Phobias, compulsions, paralyses 
and other psychopathologies aid in the 
preservation of a precarious balance be- 
tween gratification and threat. 

If therapy is to be successful, this 
stable environment must be restructured. 
The patient immediately reacts to this 
as a threat, with consequences familiar 
to all clinicians. As Bergler (6) has 
noted, “what neurotics fear most” is a 


It is perhaps worth noting that the same 
symptomatic pattern of constancies can be 
produced by qu'te divergent series of events. 
Let us consider (a) a young woman who felt 
rejected by her parents, although she was in 
fact physically secure; who developed a fan- 
tasy of being orphaned, of being punished for 
some mysterious but enormous guilt; and 
who in consequence perceived herself as in- 
adequate and worthless. Contrast (b) a 
young woman who was in fact orphaned, 
treated brutally by a family with whom she 
was placed, and indoctrinated with feelings of 
sin and guilt in a religious orphanage. The 
perceptual constancies which characterize the 
two personalities may be superficially quite 
similar; but in case (b) they have been rein- 
forced so much more regularly and intensely 
that the therapeutic task is vastly harder. 
Even years of life under relatively secure eco- 
nomic and domestic conditions may fail to 
modify these constancies. 
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disturbance of this formula, or “basic 
fallacy,” which we have shown to be a 
form of perceptual constancy. It ‘should 
not be surprising, furthermore, if modes 
of perceiving practiced for twenty or 
thirty years cannot be modified over- 
night. 

Motivation is necessary if this re- 
structuring is to be achieved. A person 
comes for therapy only when he is aware 
of a discrepancy between the equilibrium 
he has attained and that formerly pos- 
sessed, or that believed to be attainable. 
There is nothing about the concept of 
homeostasis that is defeatist in char- 
acter. While it is true that some patho- 
logical equilibria seem so stable as to 
defy therapeutic intervention (schizo- 
phrenias), it is generally possible to set 
up for the patient a fantasied new situa- 
tion with a more favorable balance than 
he has achieved. Such phenomena as 
the positive transference can be uti- 
lized to provide some gratification, coun- 
terbalancing the painful effects of dis- 
equilibration as therapy proceeds. As 
therapy approaches its conclusion, many 
patients also show symptoms of disturb- 
ance as this new equilibrium must in 
turn be abandoned. Only the presence 
of these motivational factors makes pos- 
sible the therapeutic modification of per- 
ceptions; the neuromuscular system is 
subservient to the vegetative system. 


SUMMARY 


Homeostasis is accepted as a general 
biological law. Since personality is de- 
veloped on a biological foundation, it 
must follow homeostatic principles to 
some extent. Actually, these principles 
recur in many aspects of the psychology 
of personality. 

Considering personality as a universal, 
we find the maintenance of constant 
states not only at the microscopic level 
(tissue conditions) but also at macro- 
scopic levels (objects in the physical 
environment, and persons in the social 


environment). Physical and social con- 
stancies are shown to function in the 
service of tissue constancies. Disturb- 
ances at these macroscopic levels set off 
vigorous energy mobilizations compa- 
rable with those induced by disequilib- 
rium on the tissue level. Constancies 
may be perceptual (uniform percept 
with varying “real” stimuli) or func- 
tional (manipulation of the “real” envi- 
ronment to reduce variation). 

With reference to personality as a 
unique individual phenomenon, it is sug- 
gested that the homeostatic approach is 
useful in several ways. (1) The per- 
sonality is characterized by the partic- 
ular equilibria, disturbance of which 
gives rise to maximum energy mobiliza- 
tion, and by the particular perceptual 
constancies, especially social and ego 
constancies, which have been developed. 
(2) Neurotic, unrealistic equilibria can 
develop with reference to needs not 
directly involved in organismic survival, 
e.g., sex. Such unrealistic equilibria 
involve perceptual constancies not ap- 
propriate to the “real” situation, but 
often reinforced because resultant be- 
havior seems to lead to confirmation of 
the constancy hypothesis. (3) Projec- 
tive tests may give a more adequate pic- 
ture of these constancies than would 
result from observation in “real” situa- 
tions. (4) Therapy involves disturbing 
the neurotic equilibrium, restructuring 
the unrealistic percepts, and evolving a 
new equilibrium providing more need- 
gratification. 
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THEORY OF DOUBLE, TRIPLE, AND 
QUADRUPLE REPETITION * 


BY CHARLES B. WOODBURY 
Oberlin College 


INTRODUCTION 


One of the appropriate tests of the 
adequacy of a theoretical system is its 
ability to mediate the rigorous deriva- 
tion of the results of an experiment, uti- 
lizing nothing but the principles of the 
system in question together with the 
conditions operating in the experiment. 
Such a procedure may actually test two 
aspects of a system: its completenéss 
and its validity. A system, no matter 
how complex and detailed, cannot be con- 
sidered complete if it does not permit a 
derivation to be made wherein each step 
is dictated by the theoretical principles 
themselves, and nothing is left to the 
“interpretative skill” of the individual 
who performs the derivation. There 
can, of course, be no real test of validity 
unless the results of such a derivation 
can be compared with empirical fact. 

The aim of this report is to present 
the application of this point of view to 
Hull’s general theoretical system (3, 8) 
as it relates to an experiment on double, 
triple, and quadruple repetition learn- 
ing (14). The writer has here explored 
in some detail, although by no means ex- 
haustively, the possibilities of rigorous 
derivation of certain of the results of 
this experiment from hypotheses ad- 
vanced by Hull. It should be empha- 


1 This article is based upon a dissertation 
submitted in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy 
in the Graduate School of Yale University. 
The writer wishes to express his deep gratitude 
to Professor Clark L. Hull, under whose su- 
pervision the study was carried out. The 
work herein reported is part of the coordi- 
nated research program of the Institute of 
Human Relations, Yale University. 


sized that this is not primarily an at- 
tempt to test the correctness of the 
hypotheses through submitting their im- 
plications to experimental test. Rather, 
it constitutes an attempt to determine, 
by a process of explicit derivation, the 
extent to which the theory is sufficiently 
complete to deal with the type of situa- 
tion involved. 

In another sense, since the writer at 
times used a frankly trial-and-error ap- 
proach in deciding upon the values of 
particular constants to use in certain 
of the equations, this may be regarded 
as an inductive attempt to provide, for 
this particular experimental situation, 
what Koch and Daniel (10) would call 
“content” for the hypothetico-deductive 
system formulated by Hull. 

In the experiment here being con- 
sidered, rats were trained in a linear 
alley maze in which each choice-point 
comprised two doors through one of 
which the rat might push. Three groups 
of thirty rats each were trained on four, 
six, and eight units of the maze, respec- 
tively. The sequences of correct choice, 
imposed by blocking the incorrect doors, 
were as follows: 


Maze 1: AABB 
Maze 2: AAABBB 
Maze 3: AAAABBBB 


where “A” may represent either right or 
left, and “B,” the opposite. All animals 
were given fifty trials, one per day, 
under approximately twenty-two hours’ 
hunger drive, with food reward at the 
end of the maze. During both the pre- 
liminary habituation and the experimen- 
tal training the units of the maze were 
interchanged, and the whole maze was 
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rotated between successive trials in or- 
der to eliminate any consistent external 
cues which might provide a basis for dis- 
crimination among the various choice- 
points. 

The results of the experiment which 
are of primary interest to us are shown 
in Fig. 1A. Because the number of rela- 
tionships among even these limited as- 
pects of the data is so large, it has been 
necessary to select certain of them to be 
dealt with in detail in working out the 
derivation presented below. The empir- 
ical facts which it has been the goal of 
the present study to derive within the 
framework of learning theory are as 
follows: 


1. The point of maximum difficulty 
falls at the last A choice-point in all 
three mazes. 

2. At an advanced stage of learning, 
a convex gradient of frequency of cor- 
rect choice extends in both directions 
from the last A choice-point. 

3. This gradient is asymmetrical, be- 
ing slightly higher for the last half of 
each maze than for the first. 

4. Accuracy approaches 100 per cent 
at the first and last choice-points, per- 
haps somewhat more closely at the last 
than at the first. 

5. The last two choice-points in Maze 
2, and the last three in Maze 3, show 
approximately equal frequencies of cor- 
rect choice late in training. 

6. When the midpoint of each maze 
is taken as the reference point, the dif- 
ficulty of corresponding choice-points is, 
in general, positively related to the 
length of the maze. (£.g., choice-point 
III in Maze 3 is more difficult than the 
corresponding choice-point II in Maze 
2.) 

THEORETICAL ANALYSIS AND 
DERIVATION 


A preliminary analysis of this learn- 
ing situation from the standpoint of 


learning theory indicates the following:* 

1. The proportion of correct choices 
at each choice-point is a normal prob- 
ability function of the difference in 
strength of the right-turning and left- 
turning tendencies at that choice-point 
(3, 8). 

2. The strength of each habit at any 
particular choice-point is, in turn, a 
function of the following: 

(a) the number of times the response 
has occurred at that choice-point, with 
subsequent reinforcement (3, p. 178); 


2 Hull’s theory includes a number of other 
principles, which have not been utilized in the 
present derivation. (One could say with equal 
accuracy that they have been assigned a weight 
of zero.) These include: 

1. Response generalization (3, p. 267 ff.):- 
It is a reasonable supposition that reinforce- 
ment of the right-turning response also 
strengthens, to some extent, the left-turning 
response--i.e., that both responses are mem- 
bers of a single habit-family. If such gen- 
eralization were 100% there could be no learn- 
ing of the response sequence, Assumptions 
about the actual amount of such generaliza- 
tion would make no important difference in 
the derived relationships among the choice- 
points, since the different choice-points and 
the different mazes were all alike with respect 
to the responses involved. Accordingly, this 
principle was not utilized in the present der- 
ivations. 

2. Reactive inhibition (3, p. 277 ff.): Dis- 
tribution of trials at twenty-four hour inter- 
vals may be assumed to have allowed inhibi- 
tory effects resulting from mere performance 
of responses to dissipate between trials, pre- 
cluding any important cumulative effects. This 
principle, therefore, appears to have little if 
any significance for the present experiment. 

3. Conditioned inhibition (3, p. 282 ff.): 
Although errors must be assumed to generate 
conditioned inhibition in this situation, such 
conditioned inhibition would be inversely pro- 
portional to the number of correct responses 
at each choice-point. The omission of this 
principle would not, therefore, distort seri- 
ously the relationships among the empirical 
data listed above, although it would presum- 
ably affect the absolute numerical quantities 
involved. Its inclusion in the derivations, on 
the other hand, would greatly increase the al- 
ready considerable computational labor in- 
volved. 
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Fic. 1. A. The empirical gradients of correct choice in the three mazes, on trials 41-50. 
B. The theoretical gradients of correct choice, as derived in the text. For ease of comparison, 
the point of maximum difficulty is placed at the same position for all three mazes in both figures. 


(b) the immediacy with which rein- 
forcement has followed the performance 
of the responses, and hence (1) the dis- 
tance of the choice-point from the goal, 
and (2) the magnitude of secondary 
reinforcement which follows the response 
(3, p. 98); 

(c) the generalization to that choice- 
point of homologous response tendencies 
generated at other choice-points, i.e., 
stimulus generalization (3, p. 199). 
This in turn is a function of (1) the 
similarity between the stimulus com- 
plexes at the choice-point in question 
and at each other choice-point where the 
response may have been reinforced, and 


(2) the strength of the homologous 
tendencies at each such choice-point. 

The actual course of derivation is ap- 
proximately the reverse of the above 
statements, and involves the following 
steps: 


1. Determination of quantitative 
values to represent the “original” or 
ungeneralized habit strengths at each 
choice-point in each maze at the late 
stage of training represented by trials 
41-50. This involves assumptions con- 
cerning: 

(a) the strength of a habit with no 
delay of reinforcement, under these con- 
ditions; 4 
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(b) the length of time by which each 
response in the maze is separated from 
primary reinforcement at the goal; 

(c) the form of the gradient of pri- 
mary reinforcement; 

(d) the role of secondary reinforce- 
ment in this situation. 

2. Determination of the degree to 
which each habit (i.e., the habit rein- 
forced at each choicé-point) generalizes 
to each other choice-point. 

This involves supplementary assump- 
tions concerning 

(a) the similarity between the stim- 
ulus complexes at each pair of choice- 
points; 

(b) the characteristics of the gra- 
dients of anticipatory and perseverative 
generalization. 

3. Summation of the homologous re- 
sponse tendencies at each choice-point. 

4. Determination, by subtraction, of 
the amount by which the stronger sum- 
mated tendency exceeds the weaker, at 
each choice-point. 

5. Determination of the resulting 
proportion of right and wrong responses, 
at each choice-point. 

Because of space limitations, the step 
by step derivation is presented here only 
for the six-unit maze; calculations for 
the four- and eight-unit mazes are ex- 
actly comparable, however, except for 
the number of units involved. 

The first step is the calculation of the 
original or ungeneralized habit strengths 
at each choice-point. For this, it is as- 
sumed that one second elapses between 
successive correct responses, and that 
the goal gradient in this situation is 
represented by the following equation: 


H’ = H x 10-4 (1) 


where: H’ is the strength of a habit 
established with a delay of 
reinforcement of ¢ seconds; 

H is the strength of a habit 
established under the same 
conditions of drive, reward, 

etc., with immediate reward 


(i.e., where ¢ =0). This is 
here set at 50; 

is an arithmetical constant,* 
here set at .004; 

is the time in seconds be- 
tween the performance of a 
response and the occurrence 
of primary reinforcement. 


When values of 1, 2, 3, 4, 5, and 6, cor- 
responding to the delay of reinforcement 
in units VI, V, IV, III, Il, and I, re- 
spectively, are substituted for ¢ in Equa- 
tion 1, the values shown in Table I are 
obtained, representing the ungeneralized 
habit strengths in the several choice- 
points of the six-unit maze. 


TABLE I 


THe STRENGTHS OF THE UNGENERALIZED 
Hasits tn Each UNIT OF THE 
Six Unit Maze 


Unit t z’ 
I 6” 47.31 
II 5” 47.75 
III 4” 48.19 
IV 3” 48.63 
V y 49.08 
VI , 49.54 


The next step is to compute the 
strength with which the habit estab- 
lished at each choice-point will general- 
ize to each other unit. This involves as 
a first step the determination of the de- 
gree of stimulus similarity or difference 
between each unit and all the others. 

Inasmuch as differences in external 
stimulation at the several choice-points 
were eliminated through rotation and in- 
terchange, the only differences must have 
depended in some way upon internal 


8 It will be noted that this value for j yields 
a very flat, practically horizontal “gradient.” 
This is what might be expected if there were a 
substantial amount of secondary reinforcement 
associated with each response, as would pre- 
sumably result in our experiment from the 
preliminary training in the maze. Cf. the dis- 
cussions of Spence (12), Perkins (11), and 
Grice (1), and Hull’s discussion of the effects 
of serial as compared with terminal reinforce- 
ment (5, 6). 
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processes within the animals. Two types 
of such processes may be hypothesized: 
(1) a process, here designated as 5p, 
which changes as a monotonic function 
of distance from the starting point— 
such as a decaying trace of stimulation 
resulting from handling the animal and 
placing him in the maze, or an increas- 
ing tension resulting from the continuous 
running activity itself; and (2) traces 
produced specifically by the choice-re- 
sponses themselves, a new one arising. 
as each response is made; these are des- 
ignated as s, and Sp, corresponding to 
choices in the A and B directions. 

In the present derivation both types 
of process are assumed, since there seem 
to be no grounds on which to deny 
categorically the existence of either. It 
is further assumed that the trace pro- 
duced by one right-turning response is 
qualitatively identical with that pro- 
duced by any other: two right-turning 
traces are assumed to differ only in 
strength, the older being of course the 
weaker. 

A further point of importance is that 
the traces from a right turn and from 
a left turn may be conceived as quite 
similar or as quite different. Presum- 
ably they would not be completely iden- 
tical, but they might be very much alike, 
since the responses are bilaterally sym- 
metrical and involve similar postural and 
locomotor elements. In working out this 
derivation it was found that a satisfac- 
tory agreement with empirical results 
was secured when complete homogeneity 
of these traces was assumed. The re- 
sults of the alternative assumption of 
heterogeneity are shown below (Fig. 2). 
It may also be pointed out that these 
two types of trace, s, and 54, g, are as- 
sumed to provide the only basis for dif- 
ferential responses in the various choice- 
points, and hence for the regular re- 
sponse sequences which appeared. 

At each choice-point, then, there is 
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assumed to be a unique combination of 
traces. To give quantitative expression 
to this, it is assumed that: 


s=Sx 10% (2) 


where: s is the strength of a trace ¢ 
seconds after the termination 
of the events which initiated 
it; 

S is the strength of the trace at 
the moment of termination of 
the events which initiated it. 
This is here set at 25, both 
for the trace s, and for the 
‘traces Ss, and Sz; 

# is a constant, here set at .10; 

t is the time in seconds since 
the termination of the events 
which initiated the trace. 


When the appropriate values for ¢ are 
substituted in Equation 2, there result 
the values shown in Table II, represent- 
ing the strengths of the several traces 
at the time of response in each choice- 
point. 

Since the traces represented in Table 
II are presumably physiological proc- 
esses, the appropriate method for com- 
bining those of similar origin is the Hull- 
Day summation formula (3, p. 200) 
which provides for a limit (here assumed 
to be 100) which the total process may 


TABLE II 


Tue STRENGTHS OF THE TRACES AT THE 
Time oF RESPONSE IN EAcH 
Cuoice-Porint 

Roman numeral subscripts indicate the unit 
or choice-point in which the response initiat- 
ing a given trace occurred. 








Choice-Points 
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approach as increments are added, al- 
though the effect of adding an increment 
of a given size is a negative function of 
the strength of the process already de- 
veloped. In the present case, since it 
is explicitly assumed that the traces of 
right-turning and left-turning are qual- 
itatively alike, all of the A and B traces 
at any one choice-point are summated 
together without differentiation, and the 
symbol $4, » is used to represent a trace- 
aggregate which may include both A 
and B traces. (In the derivation whose 
results are shown in Fig. 2, on the other 
hand, the A and B traces were sum- 
mated separately, since it was there as- 
sumed that they were qualitatively dis- 
similar or heterogeneous.) ‘The results 
of this summation under the present as- 
sumptions are shown in Table III. 

It is assumed that except for the 
traces and trace aggregates, the stimulus 
compounds in the various units are iden- 
tical. So far as external stimuli are con- 
cerned, then, generalization of habits 
from each choice-point to each other one 
should occur without any decrement, i.e., 
with 100 per cent of their original 
strength. Conversely, it is only as the 
stimulus aggregates differ, as described 
in Table III, that generalization should 
fail to occur. The strength of a gen- 
eralized habit, then, will be a negative 
function of the difference between the 
stimulus aggregate to which it was con- 


TaBLeE III 


THE STRENGTHS OF THE TRACE Sp AND 
OF THE AGGREGATE OF TRACES S4 
AND Sg, AT THE TIME OF 
RESPONSE IN EaAcu 
Cuo1ce-Point 
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THE d VALUES REPRESENTING THE 
DIFFERENCE BETWEEN EVERY 
Parr oF CHOICE-PoINTS, AS 
DERIVED FROM TABLE III 
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ditioned, and the one by which it is be- 
ing evoked. 

Such differences between stimulus ag- 
gregates are here designated by the let- 
ter d. While many different relation- 
ships might be hypothesized between the 
numerical differences which may be de- 
rived from Table III and the construct 
d which enters into the generalization 
equation, it is here assumed, most sim- 
ply, that they are equal. Table IV was 
derived from Table III, then, by adding 
together, for each pair of choice-points, 
the amounts by which the two choice- 
points differ in the strength of each 
trace.* Thus, for example, in column 3, 
row 2, the value of 15.88 by which 
choice-points II and III differ is the sum 
of their difference with respect to trace 
Sp (15.77 — 12.53 = 3.24) and their dif- 
ference with respect to the trace ag- 
gregate 54» (32.50 — 19.86 = 12.64). 

Having thus determined the relative 
differences between every pair of choice- 
points, it is necessary to take the habit 
strength which exists at each (as shown 
in Table I) and compute the degree 
to which it generalizes to every other 
choice-point. Generalization is calcu- 


* This arithmetical addition of trace strengths 
could, of course, be replaced by some sort of 
multiplicative relationship, corresponding to 
Hull’s hypothesis of afferent neural interaction 
(3, p. 47), if any basis could be found for 
making a specific assumption concerning such 
a relationship. 
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lated from the following equation (3, p. 


199): 
A=H' x 10 (3) 


where: A is the generalized habit 


strength; 

H’ is the original habit strength 
(as determined from Equa- 
tion 1 and shown in Table 
I); 

k is a constant, here assigned 
a value of .01 for anticipa- 
tory generalization and .015 
for perseverative generaliza- 
tion; ° 

d is the difference between the 
choice-points involved, as 
shown in Table IV. 


When the appropriate values are sub- 
stituted in Equation 3, the generalized 
habit strengths shown in Table V are 
obtained. This table is to be read as 
showing generalization from the units 
shown at the left toward those shown 
at the top. Thus the habit generalizing 
from Unit I to Unit III is shown in 
the third column in row 1 to have a 
strength of 11.96; that generalizing back 
from Unit III to Unit I is shown in the 
third row of the first column, with a 


5 The assumption of a difference in the steep- 
ness of anticipatory and perseverative generali- 
zation gradients corresponds to the empirical 
findings reported by Hull and others in a se- 
ries of experiments utilizing a rather similar 
type of maze (2, 5, 13). It may also be de- 
rivable on a theoretical basis from Hull’s re- 
cent hypothesis of stimulus intensity dynamism 
(7), taken in conjunction with the presump- 
tive intensity gradients of the traces to which 
the choice reactions are cued. Since the later 
responses in the series are cued to traces which 
are, individually, weaker at the time of the 
later responses than at the time of earlier re- 
sponses, we should expect that generalization 
based on these traces would be stronger in the 
case of anticipatory generalization than for 
perseverative, since in anticipatory generaliza- 
tion the stimulus (trace) evoking the general- 
ized habit is stronger or more intense than the 
trace evoking the ungeneralized habit, while 
in the case of perseverative generalization the 
reverse is true, 
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value of 19.26. Thus the upper-right 
diagonal half of the table shows the 
values for perseverative generalization, 
the lower-left half, for anticipatory. The 
diagonal values in heavy type are, of 
course, the original or ungeneralized 
habit strengths. 

In order to find the total strength of 
each response tendency at each choice- 
point, the habit strengths in Table V 
are now summated, again by means of 
the Hull-Day formula. Since the habits 
which originate at the choice-points in 
the first half of the maze (shown in the 
first three rows of Table V) mediate 
the A reaction, these are summated to- 
gether, as are the habit strengths orig- 
inating in the last half of the maze, 
mediating the B reaction. The final re- 
action probability at each choice-point 
is a function of the difference in the 
strengths of these two conflicting reac- 
tion tendencies. The total strengths of 
the A and B tendencies at each choice- 


TasLe VI 


Tse Tota, (SUMMATED) STRENGTHS 
OF THE A AND B TENDENCIES 
at Eacu Cuoice-Point 
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TasLe VII 


Row 1 shows the amount by which the cor- 
rect habit predominates at each choice-point; 
in Row 2 this is shown as a standard score 
based on a standard deviation of 25; Row 3 
shows the corresponding per cent of correct 
reactions. 
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point, as obtained by the above summa- 
tion, are shown in Table VI. 

Our next step, the calculation of the 
expected frequency of correct choice 
from the values in Table VI, depends on 
the hypothesis of continuous oscillation 
of habit strengths (3, p. 304 ff.; 8). 
As stated above, the proportion of cor- 
rect responses at any choice-point is pre- 
sumed to be a normal probability func- 
tion of the difference in strength of the 
two competing habits, right-turning and 
left-turning. Accordingly, the difference 
between the total A and B habit 
strengths shown in Table VI is obtained 
by subtraction; these values, represent- 
ing the preponderance of the “right” 
habit over the “wrong” at each choice- 
point, appear as the first row in Table 
VII. Next, each of these “net” habit 
strengths is divided by 25, the assumed 
standard deviation of the distribution of 
momentary habit strengths; * the result- 
ing values, representing the preponder- 
ance of the “right” habit over the 
“wrong” in standard score units, appear 
in the second row of Table VII. Finally, 


¢ This particular numerical assumption is 
one which cannot, so far as the writer is 
aware, be logically justified on theoretical 
grounds alone; indeed, the whole problem of 
oscillation is in need of much more intensive 
analysis than it has yet received. The fact 
that this rather large value “works” may pro- 
vide some indication of the relative range of 
oscillation in such situations as this, however. 


the percentage of occasions on which the 
correct habit will actually dominate, de- 
spite the momentary fluctuations of both 
habits, and consequently the percentage 
of occasions on which the correct re- 
sponse would actually emerge, is read 
off directly from a normal probability 
table. These percentages are shown in 
the last row of Table VII. 

This completes the derivation itself. 
The results of this derivation, for the 
three lengths of maze used, are shown in 
Fig. 1B, which may be compared di- 
rectly with Fig. 1A. Such comparison 
shows a reasonably good agreement and, 
particularly, reveals that all six of the 
principal features of the empirical data 
listed above (p: 19) are revealed by 
the theoretical gradients as well. We 
may therefore conclude that the proce- 
dures of derivation, and therefore the 
hypotheses upon which the derivation 
was based, are at least fairly well suited 
to the particular maze learning situation 
here considered. 

We might also be tempted to conclude 
that the theory is therefore “complete” 
in the sense of being able to mediate 
a rigorous deduction for this situation. 
Such a conclusion would be completely 
justified, however, only if all of the con- 
stants employed, as well as the forms of 
the equations used, were specifically 
dictated by the theory. This was not 
the case. The original ungeneralized 
habit strength with zero delay of rein- 
forecment, for example, was set at 50, 
without reference to the theory; sim- 
ilarly, the standard deviation of the os- 
cillation distribution was set at 25, al- 
though there was no rigorous theoretical 
basis for this particular value. It is 
therefore necessary to conclude that, 
while the theoretical system provides for 
such a situation as this, it is not math- 
ematically complete with respect to the 
constants to be employed in the deriva- 
tion of results in specific situations. As 
Hull has pointed out (3, 4), the deter- 
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mination of such constants is at the 
same time one of the most important 
and one of the most difficult tasks of 
theory construction. 


ALTERNATIVE ASSUMPTIONS 


Although a number of our quantita- 
tive assumptions cannot be derived from 
theoretical premises, it is possible to 
demonstrate their usefulness, within the 
framework of the theoretical system, by 
comparing the results of the above der- 
ivation with the results of analogous 
derivations in which different constants 
are employed. A number of such der- 
ivations are described below. 

One of the most debatable of the as- 
sumptions in the above derivation, per- 
haps, is that of the absolute homogeneity 
of the traces produced by right-turning 
and left-turning respor es. Such an as- 
sumption of homogeneity, as we have 
seen, yields a reasonably correct set of 
derived frequencies of correct choice. 
By contrast, when it is assumed that the 
A and B traces are completely dissim- 
ilar, the resulting derived frequencies of 
correct choice diverge seriously from 
empirical fact, as Fig. 2 shows. The 
gradients are too flat, and, most strik- 
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ingly, the gradient for the second half 
of the eight-unit maze has a sigmoid 
shape, rather than the monotonic form 
which resulted from the assumption of 
homogeneity of traces, and which char- 
acterized the empirical results. We must 
conclude, therefore, that within the pres- 
ent framework there is no justification 
for assuming that these traces are com- 
pletely heterogeneous. 

This does not, of course, rule out the 
possibility of partial homogeneity. This 
would, indeed, correspond more closely 
than does our assumption of complete 
homogeneity to the presumptive nature 
of the A and B responses, since they 
possess in common many elements such 
as forward locomotion, leg movements, 
etc. They differ only with respect to 
the particular turns involved, and even 
in this respect they are more alike than 
might at first appear, because when a 
rat turns right to pass through a door he 
must immediately turn left again to re- 
turn to the center of the alley, and vice 
versa. Thus a “right-turning” responSe 
actually involves a right-left sequence 
of turns, while a “left-turning” response 
involves a left-right sequence. The op- 
timal assumption, therefore, might be 
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Fic. 2. The theoretical gradients of correct choice when it is assumed that the response-pro- 
duced traces s4 and sz are heterogeneous and enter independently into the stimulus aggregates at 


the several choice-points. 
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Fic. 3. A. The theoretical gradients of correct choice when the exponential constant j in the 
goal gradient equation is changed from .004 to .03. 

B. The theoretical gradients of correct choice when the interval between successive correct re- 
sponses is assumed to be 2 seconds instead of 1 second. 


that some eighty or ninety per cent of 
the trace strengths involved should be 
considered as homogeneous, the other 
ten or twenty per cent being treated as 
heterogeneous and summated separately. 

A second assumption in our original 
derivation which might appear to be 
open to question is that of a virtually 
flat, horizontal goal gradient resulting, 
presumably, from the summation of pri- 
mary and secondary reinforcement ef- 
fects, and entering the mathematical 
derivation as the value of .004 of the ex- 
ponent j in Equation 1. As a partial 
test of this assumption, this value was 
changed to .03, and the derivation re- 


peated, all other values remaining the 
same. The results of this derivation are 
shown in Fig. 3A. Comparison of the 
gradients here with those of our first 
derivation (Fig. 1B) shows that the as- 
sumption of a steeper goal gradient has 
resulted in a lowering of the gradients 
in the first half of the maze and has, 
in addition, distorted the relationship 
among the mazes at the first B choice- 
point, making the theoretical frequencies 
of correct choice exactly equal for Mazes 
2 and 3, and somewhat lower for Maze 
1. This of course runs counter to empir- 
ical fact, and constitutes another reason 
for rejecting the assumption of a steeper 
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goal gradient. In an indirect way this 
result confirms the hypothesis that sec- 
ondary reinforcement is an extremely 
important factor in such a maze learning 
situation as this. 

Still another assumption which is of 
considerable interest, partly because 
there is some experimental evidence 
bearing on it, is that concerning the in- 
terval between responses. In the fore- 
going derivations this was assumed to be 
one second, a value which approximates 
that actually observed in the behavior of 
the animals. But what if the distance 
between choice-points, and hence this in- 
terval, were longer? It has been argued 
elsewhere (14) that one important fac- 
tor contributing to the relative ease of 
this maze problem was the close tem- 
poral proximity of the responses. A 
change in the assumption concerning 
the time interval casts light on this. 
It also clarifies the implications of re- 
sults obtained by Karn and Patton (9), 
who found that cats, having learned 
double alternation in one temporal maze, 
generalized without any appreciable loss 
of accuracy to mazes twenty per cent 
larger and smaller. They argued that 
“retained effects” (i.e., response-pro- 
duced traces) could not mediate such 
a transfer, and concluded that some sort 
of symbolic process must have been op- 
erating. By changing our assumption 
concerning the time interval between 
responses we may make our derivation 
conform to their experimental opera- 
tions, and see whether our “retained ef- 
fects” hypothesis would predict a loss 
of the habits under such changed condi- 
tions. 

The results of such a derivation, in 
which the interval between responses 
was increased by 100 per cent, thus be- 
coming two seconds in place of the one 
second assumed earlier, are shown in 
Fig. 3B. Here it will be noted that the 
gradient for Maze 1 is changed hardly 
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at all, while those for Mazes 2 and 3 are 
changed considerably. This would seem 
to demonstrate that the results of such 
a transfer experiment may be under- 
stood quite adequately in the light of 
a trace theory, so long as only double 
alternation is involved. A clear-cut pre- 
diction is implied, moreover: that in 
such a transfer experiment, the amount 
of decrement would be a positive func- 
tion of the number of units in the re- 
sponse sequence, being greater for triple 
repetition (AAABBB) than for double; 
and still greater for quadruple repetition 
(AAAABBBB). 


SUMMARY 


It has been shown, by means of a 
detailed derivation, that Hull’s theory 
provides all the assumptions necessary 
to derive theoretically a reasonably close 
approximation to the following empirical 
results of an experiment in double, tri- 
ple, and quadruple repetition learning: 


1. The point of maximum difficulty 

falls at the last A choice-point in each 
maze. 
2. At an advanced stage of learning, 
a convex gradient of frequency of cor- 
rect choices extends in both directions 
from the last A choice-point. 

3. This gradient is asymmetrical, be- 
ing slightly higher for the last half of 
each maze than for the first. 

4. Accuracy approaches one hundred 
per cent at the first and last choice- 
points, somewhat more closely at the 
last than at the first. 

5. The last two choice-points in Maze 
2 (AAABBB) and the last three in 
Maze 3 (AAAABBBB) show approx- 
imately equal frequencies of correct 
choice late in training. 

6. When the midpoint of each maze 
is taken as the reference point, the dif- 
ficulty of corresponding choice-points 
is, in general, positively related to the 
length of the maze. 
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At the same time, it appears that the 
theory is incomplete in that the ar- 
ithmetical values of a number of the 
constants employed are not formally in- 
cluded within the system, but must be 
determined on other than theoretical 
grounds. 

The discrepancies between theoretical 
and empirical error-gradients which re- 
sult when some of these constants are 
changed suggest rather strongly that 
within the theoretical framework here 
employed: 


1. the summation of primary and 
secondary reinforcement effects yields, 
in this situation, a virtually horizontal 
goal gradient; 

2. the response-produced traces from 
right and left turns are to a very large 
degree, if not completely, homogeneous 
or functionally identical. 


It is also shown that double alterna- 
tion behavior can be explained by (i.e., 
derived from) what is essentially a trace 
theory, and that the results of transfer 
experiments are not incompatible with 
such a theory. 

Finally, the theoretical derivations 
yielded a clear-cut prediction: that the 
amount of disruption of the serial re- 
sponse habit in a transfer experiment 
involving a longer interval between re- 
sponses would be a positive function of 
the number of units in the sequence. 


REFERENCES 


1. Grice, G. R. The relation of secondary 
reinforcement to delayed reward in 
visual discrimination learning. J. exp. 
Psychol., 1948, 38, 1-16. 


2. Hm, C. J. Goal gradient, anticipation, 
and perseveration in compound trial- 
and-error learning. J. exp. Psychol., 
1939, 25, 566-585. 

3. Hurt, C. L. Principles of behavior. New 
York: D. Appleton-Century Co., Inc., 
1943. 

4. ——. ‘The place of innate individual and 
species differences in a natural-science 
theory of behavior. Psycnor. Rev., 
1945, 52, 55-60. 

5. ——-. Reactively heterogeneous compound 
trial-and-error learning with distributed 
trials and terminal reinforcement. J. 
exp. Psychol., 1947, 37, 118-135. 

6. ——. Reactively heterogeneous compound 
trial-and-error learning with distributed 
trials and serial reinforcement. J. exp. 
Psychol., 1948, 38, 17-28. 

7. ——. Stimulus intensity dynamism (V) 
and stimulus generalization. PsycHov. 
Rev., 1949, 56, 67-76. 

8. ——. Elementary theory of individual be- 
havior. (In preparation.) 

9. Karn, H. W., & Patron, R. A. The trans- 
fer of double alternation behavior ac- 
quired in a temporal maze. J. comp. 
Psychol., 1939, 28, 55-61. 

10. Kocu, S., & Danret, W. J. Form and 
content in hypothetico-deductive sys- 
tems: a reply to Woodbury. J. Psy- 
chol., 1947, 24, 237-246. 

11. Perkins, C. C. The relation of secondary 
reward to gradients of reinforcement. 
J. exp. Psychol., 1947, 37, 377-392. 

12. Spence, K. W. The role of secondary re- 
inforcement in delayed reward learning. 
Psycnuo.. Rev., 1947, 54, 1-8. 

13. Sprow, A. J. Reactively homogeneous 
compound trial-and-error learning with 
distributed trials and terminal reinforce- 
ment. J. exp. Psychol., 1947, 37, 197- 
213. 

14. Woopsury, C. B. Double, triple, and 
quadruple repetition in the white rat. 
J. comp. physiol. Psychol., 1950, 43, 
490-502. 


[MS. received May 29, 1950] 














THE CONCEPT OF ENERGY MOBILIZATION * 


BY ELIZABETH DUFFY 


The Woman’s College of the 
University of North Carolina 


The concept of “energy mobilization” 
has been employed in several papers in 
which I have suggested the revision of 
certain traditional descriptive categories 
of psychology (13, 14, 15, 17). These 
expressions of dissatisfaction with the 
existing concepts of psychology were ex- 
amples of an attitude which was widely 
shared. Lyle Lanier, for instance, said 
in 1937: “Recent years have witnessed 
a growing dissatisfaction on the part of 
psychologists with the systematic analy- 
sis of psychological events represented 
by the traditional categories” (27). 

In the papers to which I have referred, 
I argued that the phenomena described 
by certain of our psychological concepts 
could be fully described by means of a 
smaller number of more basic categories 
(15, 17). The descriptive categories 
suggested were (1) direction, and (2) 
energy mobilization.? I expressed the 
opinion that all behavior shows variation 
in goal-direction and in intensity, or 
energy mobilization, and apparently in 
only these two basic dimensions. I sug- 
gested that, by making use of these two 
concepts, we should both simplify psy- 
chological description and also, in many 
instances, avoid the present practice of 
looking for different correlates of similar 
phenomena placed by our present con- 


1Read as the presidential address at the 
Forty-second Annual Meeting of the Southern 
Society for Philosophy and Psychology, April 
7, 1950. 

2The term “energy mobilization” means 
nothing different from energy release within 
the organism, or the conversion ef potential 
energy to kinetic energy. The term “mobili- 
zation” rather than “release” was employed 
to avoid the suggestion that the energy re- 
leased was necessarily expended in action upon 
the external environment. 


cepts in different categories. In none of 
these papers, however, has the concept 
of energy mobilization been fully elab- 
orated, in either its theoretical implica- 
tions or its justification by experimental 
evidence. The present paper, therefore, 
will concern itself with the further elab- 
oration of this concept, though a full 
discussion of the topic must await the 
completion of a manuscript now in prep- 
aration. 

The assumption that the release of 
energy is a significant aspect of behavior 
is by no means a new one. In fact, psy- 
chological theories of almost every type 
have incorporated the notion of some 
dynamic force or forces in behavior. 
Such forces have been variously referred 
to as “instincts,” “drives,” “urges,” “ten- 
sions,” “motives,” “emotions,” or “li- 
bido.” In every instance the assump- 
tion has been made that energy was 
released. However, there has been a 
notable tendency to assume that the en- 
ergy released was, in a sense, specific to 
the channel of release, or at any rate to 
incorporate in a single concept, such 
as that of motive, both the direction 
taken by the behavior and the degree 
of energy mobilization shown by the re- 
sponse. For example, a motive is said 
both to energize behavior and to direct 
it. Any one of fhe excited emotions, 
such as anger or fear, is said to energize 
behavior and also to determine the di- 
rection it will take. Similarly, the older 
concept of instincts, as well as the newer 
one of drives, incorporates the idea of 
energy’s being released and guided in a 
particular direction. Freud’s libido is 
a particular kind of energy which seeks 
release in certain channels or directions, 
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but which may be diverted with respect 
to its channel of release. Lewin’s “ten- 
sions” appear to be states of greater 
energy mobilization which are tied to 
some particular motivating condition 
which gives direction to their expres- 
sion.* 

In every instance the dynamics of be- 
havior is described by a concept which 
incorporates both the direction of the 
behavior and the energy level of the be- 
havior. And yet these two aspects of 
behavior may vary independently of 
each other, though not of course inde- 
pendently of the organism and its goals. 
A single concept which incorporates both 
of these separate aspects of behavior is 
one which will hardly lead to the best 
results in scientific investigation. For 
example, in studies of the emotions it 
has frequently been the aim of the in- 
vestigator to discover whether a certain 
factor, such as the administration of 
adrenalin, would produce an emotion, 
or whether another factor, such as the 
removal of the cerebral cortex, would 


prevent an emotion from occurring. But 
emotion, as described by our present 
concept, is not a unitary thing. It has 


both direction and energy level. It so 
happens that the administration of ad- 
renalin affects the energy level of behav- 
ior but not its direction. Subjects given 
adrenalin, when asked to report whether 
they were experiencing an emotion, had 
some difficulty in deciding whether or 
not they were (7). They felt “stirred 
up” as they often did during emotion, 
but there was no environmental situation 
toward which this additional energy 
could be meaningfully directed. There 
was no reason for them to be afraid or 
to be angry. A few of the subjects re- 
ported that they felt “as if afraid.” The 
outcome of the experiment was indeter- 
minate, whereas actually the results 
would have been quite clear-cut in terms 


8 See the writer’s discussion of this concept 
in reference 17, p. 187. 


of different concepts. On the other 
hand, the effect of the removal of the 
cerebral cortex of cats was to disturb 
the direction of the behavior, so that the 
cat, when prodded by the experimenter, 
responded at an appropriately high en- 
ergy level but directed his attack toward 
the table leg rather than toward his 
tormentor (2). Since the cat hissed and 
clawed, and since he could not be asked 
whether he was experiencing a true emo- 
tion, the investigator concluded in this 
instance that an emotion was being 
shown, though it was noted of course 
that the direction taken by the behavior 
was not appropriate. 

Psychologists in general agree that the 
source of all energy in the organism is 
to be found in the processes of metab- 
olism. A particular imbalance in the 
organism merely releases energy which is 
supplied by metabolic activity—that is 
to say, it draws upon supplies of energy 
available for ail the activities of the 
organism—anc it causes this “general” 
energy to be directed into a specific 
channel. If this be the case, the energy 
of emotions is the same as that of drives, 
and the energy employed in implicit re- 
sponses is the same as that used in overt 
responses. In the light of these facts, 
psychology requires the development 
and the utilization of an over-all concept 
of energy mobilization—not merely the 
consideration of the phenomena of en- 
ergy mobilization under various discrete 
headings. 

There is already at hand a wealth of 
experimental data which may be utilized 
for the development of a more adequate 
concept of energy mobilization. The 
physiological studies of the excited emo- 
tions, for example, appear to be merely 
studies of one or another aspect of a 
general condition which might be label- 
led “energy level” or degree of mobiliza- 
tion of energy. In fact the very term 
“energy mobilization” was used by 
Walter B. Cannon in his studies of 
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bodily changes in pain, hunger, fear, and 
rage (6). Nevertheless both Cannon 
and his psychological disciples have re- 
garded emotions as a special category 
and have failed to turn their attention 
to energy mobilization in general. The 
same type of approach has characterized 
the studies of various physiological 
processes measured during sleep, during 
waking relaxation, during work and dur- 
ing excited emotions. These processes 
have usually been studied as relatively 
independent phenomena, and not as as- 
pects of a more or less unitary condition 
which might be called the degree of 
mobilization of energy. Yet data from 
these studies, when brought together, 
permit the furmulation of a more gen- 
eralized concept. 

In developing a concept of energy 
mobilization it is apparent that our 
problem is rooted in the energy storage 
and release of animals. Normal animals 
achieve from day to day a fairly con- 
stant energy balance, yet there are four 
important variables involved in this bal- 
ance which increase or decrease at one 
time or another. These are (1) food, 
(2) stored energy, (3) work production, 
and (4) heat production (4). Mam- 
mals appear to be able to make choices 
among these four. For example, they 
may increase or decrease their food in- 
take; they may dispose of more or less 
energy as work, as heat, or as stored 
protein, fat, or carbohydrate. In an 
experiment with German working men 
during the war, when limited quantities 
of food were available, the work output 
of the men was found in general to be 
proportional to the energy intake in the 
form of food. However, it was also in- 
fluenced by a psychological factor re- 
ferred to as “incentive pay.” When 
cigarettes were promised to the men in 
return for extra work, there was a sharp 
rise in work output. This increase in 
work was accompanied by a loss in 
body weight, for the men under these 


conditions were drawing upon their 
stored energy reserves (4). 

All four factors in the energy ex- 
change may vary. The effect upon de- 
havior of variations in food intake and 
energy storage is exercised, however, 
through their effect upon energy release, 
or work output in the broad sense of 
activities of all types. Of these four, 
then, it is the factor of energy mobiliza- 
tion which is of chief concern to the psy- 
chologist. 

The term “energy mobilization” refers 
to the release of potential energy, stored 
in the tissues of the organism, for use in 
activity or response. This energy may 
be used for either covert or overt ac- 
tivity. It is the energy used in attend- 
ing and thinking as well as in locomo- 
tion and manipulation. It is the energy 
used in tensing the muscles in prepara- 
tion for overt response as well as that 
used in the overt response itself. Fig- 
uratively speaking, it is the rate at 
which the bodily engine is running. 

The degree of energy mobilization, 
then, is the extent of release of the 
stored energy of the organism through 
metabolic activity in the tissues. This 
appears to “ccur ina continuum, from 
a low poiu. during deep sleep to a high 
point during frantic effort or excitement. 
It is an aspect of response which is of 
basic significance. Among others, the 
following propositions can, I believe, be 
fully supported by empirical data: 


1. Every activity, overt or covert, in 
which the individual engages requires 
the release of energy. 

2. The extent of the energy release is 
determined by the degree of effort re- 
quired by the situation as interpreted 
by the individual. For example, difficult 
tasks require more energy than easy 
tasks; situations which the individual 
regards as significant in relation to his 
goals release more energy than those 
interpreted as lacking this significance. 
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3. The extent of energy release is de- 
termined also by physiological factors, 
such as endocrine secretions, food, and 
drugs. 

4. It can therefore be shown: 


a. That the extent of energy release, 
or the degree of energy mobilization, 
varies on the average with the type of 
situation under which it is measured, 
and 

b. That it varies with the individual 
when it is measured under the same 
stimulating conditions as objectively de- 
fined. 


5. Variations in energy mobilization 
are an important factor in determining 
variations in other characteristics of an 
individual’s behavior. For example, 
both reaction time and sensitivity to 
stimulation vary in the same individual 
with variations in the energy level. So 
also do the coordination of responses 
and the general quality of performance. 

6. The relationship between energy 
intake and storage, and energy output 
as heat and work (or activities of all 
types, including the excited emotions) 
is an important factor in the general 
health and well-being of the individual, 
since too great a drain upon energy re- 
serves will cause illness and breakdown. 

I hope the mere statement of these 
hypotheses will indicate the scope of 
the topic with which we are concerned. 

The question of measurement is basic 
in the development of any scientific con- 
cept. There are many unsettled ques- 
tions with respect to the measurement of 
energy mobilization. However, the gen- 
eral direction which such measurement 
should take is clearly apparent, and only 
the details remain to be worked out. 

Energy release is reflected in a num- 
ber of physiological processes. These 
belong to one or the other of two inter- 
dependent systems: (1) the neuromus- 
cular system, with central nervous con- 
trol of the skeletal muscles, and (2) the 


digestive-circulatory system, with auto- 
nomic control of smooth muscles and 
glands. The energy mobilization itself 
appears to be directly controlled by the 
autonomic nervous system, but the cen- 
tral nervous system plays a major role 
in assessing the significance of situations, 
and thus in determining the amount of 
energy to be released. And the indi- 
vidual’s response to the situations which 
require increased mobilization of energy 
demands postural changes and conse- 
quent tensions of the skeletal muscles, 
whether he engages in overt activity or 
merely assumes sets and attitudes which 
constitute a preparation for such ac- 
tivity. Muscular contraction, in turn, 
is accompanied by changes in the blood 
supply and the temperature of the active 
parts, so there are many different phys- 
iological processes which show consistent 
variations with variations in the stimulus 
situation and in the consequent degree 
of “effortfulness” or “arousal” of the 
individual. These measures vary in con- 
sistent fashion with variations in what 
may be conceived of as the continuum 
of energy mobilization of the organism. 
There are consistent changes from the 
sleeping to the waking state, from wak- 
ing relaxation to work on easy tasks, 
from work on easy tasks to work on 
more difficult tasks, and from work on 
more difficult tasks to frantic effort or 
extreme excitement. Among the indica- 
tors of energy mobilization are three 
which I shall discuss briefly: skeletal 
muscle tension, palmar skin resistance, 
and the electroencephalogram. 

(1) Tension of the Skeletal Muscles. 
Since any action upon the environment 
necessitates the contraction of skeletal 
muscles, these muscles might be ex- 
pected to show increased contraction 
when the organism mobilizes energy for 
response—for the energy mobilized is 
energy which, in the last analysis, is to 
be used for muscular activity. 

As an individual goes to sleep, action 
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potentials from the muscles decrease 
progressively until he reaches the stage 
of deepest sleep, when he moves least 
and is least disturbed by noises (30). 
As he awakens, there is an increase in 
action potentials (31). These electric 
potentials from the muscles indicate the 
degree of tension of the muscles, since 
contraction of a muscle produces elec- 
trical activity in that muscle. When a 
sensory stimulus is applied to the sleep- 
ing person, or when a dream occurs, 
there is usually an increase in action 
potentials (30). Under these conditions 
the individual is mobilizing more energy 
than during undisturbed sleep. 

At the opposite end of the continuum 
of energy mobilization from that of 
sleep, is that of the startle response or 
that of intense excitement. Under such 
conditions widespread and intense con- 
traction of skeletal musculature has been 
reported (26). 

Degrees of energy mobilization inter- 
mediate between those of sleep and 
those of extreme excitement are found 


during most of the “everyday” activities 
in which we engage. Studies of such ac- 
tivities show that, as they increase in 
difficulty, there is an increase in tension 


of the skeletal muscles. When these ac- 
tivities are interfered with by distrac- 
tions or obstructions, there is also an in- 
crease in tension. When, on the other 
hand, an individual becomes habituated 
to a performance or a situation, and it 
thus becomes less difficult or threaten- 
ing to him, his muscular tension de- 
creases. Only a few of the many studies 
in this area can be described. 

A number of investigators have shown 
that increased tension of the skeletal 
muscles regularly accompanies “atten- 
tion,” “set,” “imagining,” and “think- 
ing,” as compared with resting states 
(21, 31). Others have reported that 
subjects showed an increase in action 
potentials from the arm muscles with 
each succeeding step of difficulty in 


arithmetic problems upon which they 
were working. It was found that the in- 
crease occurred whether the subjects 
reported success or reported failure in 
solving the problems; thus it could not 
be said to be due to the frustration of 
failure (12). Men undergoing flight 
training were found to show more ten- 
sion of the muscles during the solo stage 
of training than during other stages, 
and during the maneuvers of take-off 
and landing than during other maneu- 
vers (37). Finally, action currents re- 
corded from electrodes placed just above 
each eyebrow revealed that simple track- 
ing produced a significantly higher level 
of tension than reading, solving simple 
mathematical problems, or simulated 
lookout—these latter tasks differing lit- 
tle from each other in the tension level 
accompanying their performance (35). 
Clearly, there is a positive relationship 
between the energy demands of the task 
and the muscular tension of the indi- 
vidual. 

Variations in tension during the same 
task have been used as measures of 
alertness. Muscle action potentials de- 
creased progressively as the subject be- 
came progressively less alert, if decreas- 
ing alertness is indicated by progressively 
longer simple reaction time and progres- 
sively less efficiency in performing the 
task (22). With appropriate stimula- 
tion there was recovery of alertness, in- 
dicated by a higher general tension level, 
shorter reaction time, and more accurate 
performance. In the light of these find- 
ings, an alertness indicator has been 
designed which turns on a panel light 
when the subject’s electrical output 
reaches a specific minimal level. 

It seems clear that, when other fac- 
tors are constant, the degree of mus- 
cular tension of the individual varies 
directly with the demands of the task 
and the correspondin; degree of alert- 
ness or effort shown by the individual. 
The continuum of muscular tension ap- 
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pears therefore to correspond with the 
continuum of energy mobilization. 

(2) Palmar Skin Resistance. The re- 
sistance of the skin to the passage of 
a minute electric current, especially 
through its palmar or plantar surfaces, 
varies consistently with variations in the 
type of stimulus situation in which it is 
measured.. Whatever may be the precise 
nature of the phenomenon, there appear 
to be consistent variations in skin resist- 
ance with variations in the energy de- 
mands of the stimulus situation. This 
fact suggests that the measure may be 
employed as an indicator of energy 
mobilization. 

In sleep, palmar skin resistance is 
very high. Going to sleep does not 
represent a sharp break from a previous 
condition; instead, as the individual 
gradually becomes more drowsy and re- 
laxed, the skin resistance gradually rises 
(23). In one study where the subject 
was in a Morris chair turned away from 
the observer, the experimenter, by watch- 
ing the changes in electrical resistance, 
could always tell when drowsiness was 
coming over the subject (23). One in- 
vestigator reports that persons in whom 
sleep is accompanied by a great increase 
in skin resistance are persons who sleep 
soundly and are hard to awaken, while 
persons who show only a slight increase 
in resistance sleep lightly and are easily 
aroused (23). 

It is generally agreed that resistance 
is lower during work periods than during 
rest periods; that the presentation of a 
stimulus causes a drop in resistance; that 
very soon after the cessation of stimula- 
tion, resistance begins to rise toward its 
former level. More difficult tasks, situ- 
ations of greater significance, or situa- 
tions the individual is unprepared to 
meet, cause greater decreases in resist- 
ance than easy tasks, situations that are 
less significant, or situations the subject 
feels able to cope with. 

A striking illustration of the relation- 


ship between skin resistance and the de- 
mands of the situation is to be found in 
a study of skin resistance during the 
activity of fencing. For example, it has 
been reported that novices learning to 
fence showed great drops in skin resist- 
ance at first but, as they mastered the 
task, the drops in resistance became 
much smaller (33). On learning new 
techniques, the size of resistance drop 
varied inversely with the similarity of 
the new task to the previously learned 
tasks. When engaged in free combat, 
both novices and masters showed con- 
stant galvanic responses, or sudden 
drops in skin resistance. The size and 
frequency of these responses depended 
upon the difficulty of the contest.‘ 

In other studies the galvanic responses 
to words have been shown to vary with 
the meaningfulness and importance of 
the words (3). It has also been re- 
ported that galvanic responses involving 
replies to questions about provocative 
social problems were smaller if the re- 
plies were in harmony with group opin- 
ion than if they were not, and that in 
general “yes” responses were associated 
with smaller galvanic reactions than 
“no” responses (32). 

So regular is the occurrence of a gal- 
vanic response when a so-called emo- 
tion-arousing stimulus is presented that 
at one time it was actually believed that 
the galvanic response might be specific 
to emotional conditions. Since the ex- 
cited “emotions” always have as one of 
their characteristics a high energy level, 
any physiological indicator of energy 


* Less questionable evidence of the relation- 
ship between skin resistance and the demands 
of the situation could easily have been pre- 
sented. The illustration employed was chosen 
for the color it added to an after-dinner 
speech, and it is included here in the interest 
of fidelity to the remarks made at that time. 
The study would not have been included, how- 
ever, had its findings not been in harmony 
with those of other investigations known by 
the writer to be entirely reliable. 
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level would be expected to show a close 
association with the condition ordinarily 
labelled “emotional.” We may note, for 
example, the fact that skin resistance 
phenomena have been found useful in 
detecting the excitement that accom- 
panies the telling of a lie and that pro- 
duced by various motion pictures. 

Further evidence of the nature of 
skin resistance phenomena is found in 
the studies of the adaptation of skin 
resistance in various situations. The 
galvanic response decreases progressively 
with repetition of a given stimulus situa- 
tion. in fact, even the general level of 
skin resistance decreases on successive 
days when the subject is repeatedly 
placed in the same stimulus situation— 
provided only that the situation is not 
so complex that on successive occasions 
he continues to perceive new aspects of 
it (11, 16). 

Apparently, activity, or readiness for 
activity, is the common factor in all 
situations where /ow skin resistance is 
found in a given individual. Relaxation 
or passivity, on the other hand, appears 
to be the common factor in all situations 
where Aigh skin resistance is found. If 
a decrease in resistance occurs (with 
certain limitations) whenever there is an 
increase in energy mobilization, it is 
not surprising that decreased resistance 
has been variously considered to be 
characteristic of emotion, of volition or 
conation, of a sudden check in the com- 
prehension of problems, and of states 
of alertness. All these conditions in- 
volve increased effort or mobilization of 
energy. In harmony with this interpre- 
tation also is the decrease in resistance 
which occurs with the presentation of 
a stimulus or the beginning of work, 
the progressive increase in resistance 
which occurs during rest periods, and 
the adaptation (or progressive increase) 
in resistance which occurs upon repeated 
presentation of a simple stimulus situa- 
tion. The continuum of palmar skin 


resistance, like that of muscular tension, 
appears to correspond at least roughly to 
the continuum of energy mobilization. 

(3) The Electroencephalogram 
(EEG). The electroencephalogram, or 
EEG, is a record of electrical potentials 
from the brain. It is a third measure 
which appears to vary consistently with 
variations in the individual’s activity 
level or energy mobilization. We must 
be cautious, however, in regard to con- 
clusions about this measure, since ex- 
perimental work in the field is of com- 
paratively recent origin. 

Brain potentials vary in two dimen- 
sions—frequency and amplitude—that 
is to say, they may be fast or slow, and 
they may be large or small. It has been 
found that, when the individual is at 
rest and is not subjected to external 
stimulation, the human brain has an 
electrical beat or rhythm of it own. 
This beat is diminished or abolished by 
certain types of sensory stimulation, or 
even by the expectation of such stim- 
ulation (29). The larger, slower waves 
around 10 per second, known as alpha 
waves, are characteristic of waking re- 
laxation. Upon stimulation, they tend 
to disappear and to be replaced by low 
potential, fast activity—i.e., by what 
are called beta waves. Attention fo- 
cused on a problem, even when there 
is no sensory stimulation, may block 
the alpha rhythm (28). There ap- 
pears to be a parallel between the in- 
tensity of the mental effort demanded 
in a situation (rest period, anticipation 
of a problem, work on a problem, and 
recovery period) and the changes in 
the rate of electrical activity of the 
brain (36). 

Stimulation of the kind called “emo- 
tional” changes the character of the 
EEG in striking fashion. Darrow and 
his associates found that alpha waves 
decrease and beta waves increase after 
such stimulation (9). Others have re- 
ported that alpha waves were abol- 
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ished, or practically abolished, by fright, 
embarrassment, or apprehension (28). 

Conversely, as an individual goes to 
sleep, alpha waves are replaced, not 
by smaller and faster waves, but, when 
deep sleep is reached, by slower and 
larger waves, called delta waves (28). 
Falling asleep represents no sharp break 
from a preceding waking state. If an 
individual merely lies quiet for two 
hours or more, there is a striking reduc- 
tion in the frequency of the alpha waves 
’ (29). As he becomes more and more 
drowsy, the rhythm becomes less and 
less frequent and the amplitude smaller. 
Sounds or other disturbances during 
sleep, even though they do not awaken 
the sleeper, will cause the alpha rhythm 
to reappear (29). Dreams occur chiefly 
during the brain wave records charac- 
teristic of the lighter stages of sleep 
(28). 

Fatigue has been found to reduce the 
alpha rhythm and to produce some of 
the random, slow waves which often oc- 
cur in sleep. These disappear and the 
EEG tends to return to normal when 
caffeine is taken (28). 

The marked decrease in brain poten- 
tials during severe fatigue or sleep has 
made it possible to construct a device 
which, by recording brain potentials, can 
signal when a man becomes inefficient, 
either because of severe fatigue or be- 
cause of oxygen deprivation. The de- 
vice is set to signal all frequencies of 
brain potentials lower than 8 per second 
and never to respond to frequencies 
above 8 per second. This signalling de- 
vice could be used to inform an airplane 
pilot when any member of his crew was 
falling asleep or becoming affected by 
oxygen deprivation, or it could be used 
to set off an alarm system when the 
driver of an automobile was falling 
asleep (1). 

The EEG shows adaptation effects 
with repetition of the same stimulus 


situation. For example, auditory stimuli 
which block the alpha rhythm lose their 
effectiveness after a few repetitions, and 
persistent, unchanging stimulation with 
light flashes soon leads to a return of the 
alpha rhythm. 

Brain waves are typically large and 
slow during deep sleep, faster and 
smaller during waking relaxation, and 
very fast and small during mental effort. 
In extreme excitement there is likely to 
be a loss of all rhythm in electric poten- 
tials. A loss of rhythm of the potentials 
also occurs in very deep sleep. Perhaps 
in deep sleep there is too little activity 
of the brain to produce well-marked 
rhythms, while in extreme excitement 
there is activity of so many different 
parts of the brain that there is little 
synchronization. Where rhythms ap- 
pear at al!, their frequency is in general 
lower in states of low energy mobiliza- 
tion than in states of high energy mo- 
bilization. In other words, large, slow 
waves are usually found during condi- 
tions of relaxation, while small, fast 
waves are likely to be found during ef- 
fort, tension, or excitement. However, 
the picture is not entirely clear-cut. 
Some investigators suggest that the rela- 
tionship between the EEG and other 
bodily changes is different during cor- 
tical domination from that found dur- 
ing subcortical domination (10).° 

With the exception just stated, it is 
clear that muscular tension, palmar skin 
resistance, the electroencephalogram, 
and a number of other physiological 


5 The electroencephalogram, though it shows 
consistent variations with variations in energy 
mobilization, is not as direct an indicator of 
the degree of mobilization of energy as the 
other two measures discussed. The EEG ap- 
parently reflects both cortical and subcortical 
activity, and thus it is not an uncomplicated 
indicator of the energy level of response. It 
is of interest to note, however, the extent to 
which it shows variations with variations in 
the energy demands of the situation and the 
general organic condition of the individual. 
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measures, show more or less consistent 
changes in one direction upon relaxation 
and in the opposite direction upon stim- 
ulation. The extent of the change seems 
roughly proportional to the extent of the 
relaxation or the stimulation. These 
measures may therefore be regarded as 
at least rough indicators of a condition 
which might be described as the degree 
of energy mobilization. 

(4) The Intercorrelation of Measures. 
When simultaneovs measurements are 
made of the various physiological proc- 
esses assumed to be indicators of energy 
mobilization, these measures show con- 
sistent correlation with each other, but 
the degree of correlation is not always 
high. There are a number of factors 
which may account for the lack of a 
closer correspondence between measures. 
Among them are errors of measurement, 
the fact that certain processes probably 
come close to their physiological limit 
before that limit is approached by other 
processes with which they are being cor- 
related, and the fact that particular 
processes may, in order to maintain 
homeostasis, begin at a certain point to 
function in compensatory fashion. Such 
compensatory functioning has been 
noted, for example, in the case of blood 
pressure and heart rate (8,5). The cor- 
relation of measures is also lowered by 
the fact that there appear to be in- 
dividual differences in the responsiveness 
to stimulation of the various physiolog- 
ical systems, so that in one individual 
exciting stimuli will have their greatest 
effect upon one system and in another 
individual upon another system (5, 24, 
25). And, finally, it is possible that 
there are differences between measures 
in the degree of “generality” of the en- 


® Because there are many factors which 
would distort a rectilinear relationship between 
the various physiological measures, it seems 
probable that correlation techniques such as 
the Pearson product moment formula do not 
represent adequately the relationship between 
measures. 


ergy mobilization which they reflect 
(18).7 

In spite of such interfering factors, it 
has been shown that, when subjects 
pushed against spring balance scales, 
there was a regular decrease in skin re- 
sistance with each increment in mus- 
cular tension (19); that rate of respira- 
tion during mirror drawing showed a 
correlation coefficient of .84 with mus- 
cular tension in the active hand (34); 
that palmar galvanic response showed 
a correlation of .51 with the increase of 
beta rhythms in the EEG and a correla- 
tion of .50 with the decrease of alpha 
rhythms (9); that cortical potentials 
during mental work showed a correla- 
tion of .59 with heart rate (20); that 
there was a high positive correlation be- 
tween the increase in the frequency of 
the alpha rhythm and the increase in 
basal metabolic rate produced by ad- 
ministratering thyroid to normal sub- 
jects (5); and that, when the EEG was 
studied in conjunction with a number of 
measures of the functioning of the au- 
tonomic nervous system, the stimuli 
which produced the greatest effect on 
the vegetative functions also produced 


™ There are a number of different ways in 
which the organism may consume the energy 
released. Variations in the direction of the 
energy release occur within the organism as 
well as with respect to the external environ- 
ment. Energy is not released to the same ex- 
tent in every group of tissues at any given 
moment. A perfect correlation between meas- 
ures of the activity in various tissues is there- 
fore not to be expected. The extent of the 
intercorrelation of any two measures may be 
taken as an indication of the degree to which 
those particular “conversion mechanisms” are 
tied together in their activity. However, as 
R. C. Davis has suggested to me privately, 
whatever the variety in the modes of energy 
conversion of the organism, these various 
modes of consuming energy can be ordered 
according to the amount of energy converted 
—expressed, for example, in some such terms 
as calories per minute. This common factor 
found in the various particular modes of con- 
suming energy provides the justification for 
the more generalized concept of “energy mo- 
bilization.” 





THE CONCEPT OF ENERGY MOBILIZATION 39 


the most marked inhibition of the alpha 
rhythm (28). 

Such findings serve to reinforce the 
opinion that “energy mobilization,” or 
the intensity of response, is a meaning- 
ful concept well substantiated by pres- 
ent data. It appears, therefore, that 
there is justification for the use of such 
a concept in psychology. 

Summary. The thesis of my paper is 
that there is a basic aspect of behavior 
which may be referred to as energy mo- 
bilization or energy level. This aspect 
of behavior is present in every response, 
and it determines in certain important 
respects the characteristics of the be- 
havior as a whole. Current psycho- 
logical concepts incorporate the notion 
of energy mobilization, but always as 
part of some other concept, such as emo- 
tion or motivation, the other part of the 
concept being that of the direction of 
the response. Dual concepts, or con- 
cepts which incorporate two aspects of 
behavior which may vary independently, 
have retarded the progress of psycho- 
logical investigation. It is suggested 
that certain of the descriptive categories 
of psychology be replaced by the two 
basic concepts, energy mobilization and 
direction, which, combined in various 
ways, now constitute the full content of 
these concepts. 

An attempt has been made to clarify 
further the meaning of the concept of 
energy mobilization. It has been shown 
that there are a number of physiological 
measures which vary in consistent fash- 
ion with variations in what appear to be 
the energy demands of the situation, 
from the lowest demands in deep sleep 
to the highest demands in frantic effort 
or extreme excitement. Intermediate 
between these conditions are the rela- 
tively low energy demands of waking re- 
laxation, the greater energy demands of 
work on simple problems, and the still 
greater energy’ demands of work on 
more difficult problems. With each in- 
crease in what appears to be the energy 


demands of the situation there is a 
corresponding and consistent change in 
every one of a large number of physio- 
logical measures which, because of this 
fact, may be regarded as at least rough 
indicators of energy mobilization. 

It is proposed that further study be 
devoted to the concept of energy mo- 
bilization as a primary dimension of be- 
havior. Present data suggest that vari- 
ations in energy mobilization are ac- 
companied by variations in the speed 
and intensity of response, and in the 
sensitivity of the organism to stimula- 
tion. They also indicate that there are 
persisting individual differences in this 
aspect of response, with widespread ef- 
fects upon both the health and the social 
adjustment of the individual. If these 
propositions are valid, the concept of 
energy mobilization is a basic concept 
in psychology. 
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TIME AND AGGRESSION * 


BY EMIL FREDERICSON 
Division of Behavior Studies, Roscoe B. Jackson Memorial Laboratory 


Motivational constructs such as need, 
force, and libido have over the years 
succeeded in displacing most of the 
structuralistic orientations which reigned 
supreme during the time of Titchener. 
It seems that the present-day search for 
measurable intervening variables has 
largely ignored the conceptual tools of 
the “past.” We are here not referring 
to the methodology of introspection but 
rather to the topics of scientific inquiry 
which were so vigorously pursued by 
Wundt and many others both before and 
after the formal establishment of an ex- 
perimental psychology. 

One such topic concerned itself with 
the psychological experience of time. 
Boring (1, 2, 3) in giving an historical 
summary of this subject matter has also 
contributed a considerable amount of 
stimulating insight into the entire prob- 
lem of duration. He has in this connec- 
tion suggested (2) that the problem of 
protensity might be solved if perceived 
duration could be reduced to an inten- 
sity which substitutes for protensity. 
According to Boring, duration implies a 
process in time and this term “process” 
means that something that is not time 
itself changes or varies in time. This 
conception of duration will be tenta- 
tively modified by the proposition that 
the psychological experience of duration 
be considered as a process in its own 
right. 

It is necessary, first of all, to appre- 
ciate the need for a transition from the 
introspective judgment of time to a 
study of duration with respect to observ- 


1The experiment described in this paper 
was supported by a research grant from the 
National Institute of Mental Health, U. S. 
Public Health Service. 
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able and recordable changes in behavior. 
Following the lead of Watson, psychol- 
ogy turned to behavior because scientific 
progress demanded an increased observa- 
tional univocality. The individual’s ex- 
perience and accompanying verbal ac- 
count of phenomena may have been more 
profound, but they had to give way to a 
pressing need, probably induced by the 
physical sciences, for what is basically 
a social or majority verification of the 
psychological datum. The experience 
of duration can be observed by an in- 
dividual and described to others who 
then form a notion of the verbalized ac- 
count by empathizing with it in terms of 
their own experiences. Unfortunately a 
judgment of duration which one records 
verbally must of necessity become a 
“mere” inferred or intervening variable 
in a study, for example, of rat behavior. 
Studies of temporal orientation in the 
rat have been shown to be possible by 
Hunter and Nagge (12) by means of 
the double alternation problem in a tem- 
poral maze. Recent studies on estimated 
duration reflect the more modern stress 
on motivation. Rosenzweig and Koht 
(17) demonstrated that subjects who 
need time in order to finish a certain 
task will consistently underestimate ob- 
jective duration. Filer and Meals (6) 
have discovered the complementary fact 
that overestimation of duration occurs 
when subjects know that they will be 
rewarded at the end of a given period. 
We should like to propose that dura- 
tion per se is capable of assuming the 
role of an “intervening variable.” It is 
customary to introduce intervening vari- 
ables whenever an unknown but assumed 
process is found to be necessary for the 
functioning of an organic or inorganic 
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system. As is known, stimulus-response 
and sign-significate theories of learning 
present the observable foci-pair in such 
a manner as to allow for the introduc- 
tion of postulated variables which are 
believed to intervene between and to 
make possible the acts of stimulus input 
and behavioral response. As long as a 
postulated process or structure remains 
empirically undemonstrated, it is usually 
referred to as an intervening variable. 

Let us extend the term “duration” and 
henceforth refer to it as meaning “psy- 
chological duration.” 

A distinction must be made between 
three different kinds of time experience: 


1. Duration may be the experience of 
objective time. The organism is behav- 
ing in harmony with an arbitrarily ab- 
solute time mechanism. One hour on 
the clock is here simply experienced as 
not more or not less than one hour. 
This is an ideal situation and probably 
never happens under natural circum- 
stances, although a realized or unrealized 
striving to keep in line with objective 
time may have significant psychological 
implications for the understanding of 
the person. 

2. Duration can be experienced as a 
sequence of events, that is, it appears 
in terms of objective happenings. This 
is experience of duration by means of 
things functioning in a given way, with 
a certain beginning and a certain end. 

3. Experience of duration as if exist- 
ing independently of things, persons or 
other absolute criteria. Whenever the 
passage of time itself becomes an object 
of attention we may speak of an ex- 
perience which is motivated by a psy- 
chologically determined need to manip- 
ulate time. The acceleration of time 
flow may be wished for because it allows 
the speedy consummation of a goal ob- 
ject. 


In general, psychological duration is 
a state of anticipatory cognition con- 


sciously experienced or functioning as 
a physiologically determined catalytic 
agent of behavior. The definition of 
psychological duration can be given as: 
events in time, manipulation of time, 
and the relationship to objective time 
(clock). 

Intervening variables can be beneficial 
devices for the development of research 
hypotheses if they can be operationally 
defined. Pratt (16) in discussing the 
role of operationism in psychology 
makes several statements which must be 
taken into account for an appraisal of 
unverified constructs. These are: (1) 
that explanation is the statement of a 
correlation, (2) that the meaning of 
concepts should be identical with the 
facts obtained, (3) that theoretical ex- 
planation is essentially circular or tauto- 
logical. This approach to theoretical 
formulation invites a certain degree of 
modesty in regard to the amount and 
imaginative quality of inferential con- 
structs. 

The operational definition of psycho- 
logical duration is as follows: (a) The 
time which elapses between a stimulus 
(internal or external) and a response 
(behavioral or internal), (b) The time 
which elapses between a response and a 
subsequent stimulus-receptive threshold. 


EXPERIMENTAL RESULTS 


The concept of psychological duration 
arose in connection with an experiment 
dealing with response latency as a meas- 
ure of habit strength in relation to spon- 
taneous fighting in homozygous male 
mice (7). The term “spontaneous” re- 
fers to vigorous fighting in the absence 
of any sort of discernible physiological 
traumata, and is contrasted with com- 
petitive fighting (8) which involves a 
struggle over needed objects such as 
food. 

A measure of response latency was 
obtained by timing the onset of fighting 
in pairs of mice. The figure shows a 
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graph of the data. These results are 
based upon the group means of ten pairs 
of mice. The decrease in response la- 
tency is marked during the first three 
trials; thereafter the latency becomes 
asymptotic. For present purposes the 
essential point is that response latency 
in spontaneous fighting behavior de- 
creases with practice. 

These findings are particularly sug- 
gestive because we are here dealing with 
a social relationship of considerable com- 


plexity. One is tempted to entertain the 
notion that there exists a certain amount 
of lawfulness in the development of so- 
cial interactions. 


PSYCHOLOGICAL DURATION 
The specific hypothesis is that the 
decrease in fighting response latency can 
be fitted into a theoretical frame of ref- 
erence by assuming an increase in psy- 
chological duration. Such an attempt 


4 REE SPUR Be RTI 


: 
: 
* 
* 
5 
¥ 











44 Emit FREDERICSON 


raises certain problems from the very 
beginning, as, for example, the question- 
able necessity for contributing additional 
speculations to a variety of existing psy- 
chological “systems.” The marked and 
stable decrease in response latency as 
an experimentally obtained fact invites 
explanation, nevertheless, because of the 
lack of conceptual rigor with respect to 
our knowledge of aggressiveness. 

What happened, then, was that pairs 
of male mice began to fight sooner and 
sooner on succeeding one-a-day trials. 
We cannot, here, speak so easily about 
a possible “reinforcement” of the behav- 
ior. Even if one believes that the mice 
fought because this represented a pleas- 
urable form of muscular exercise, there 
is the additional fact that this same 
fighting involved pain, defeat, and even 
serious injury. In this instance it is 
very difficult to invoke the principles of 
reward or avoidance-training exclusively. 

The decrease in response latency is 
not governed by the environment per se 
since this remained approximately con- 
stant. It appears to be a behavioral 
and physiological process controlled by 
internal organic events rather than by 
any environmental manipulation on the 
part of the observer. 

On the basis of available studies with 
human subjects, some of which have al- 
ready been mentioned above, it is possi- 
ble to say that experienced duration is a 
function of the kind of emotion or feel- 
ing tone which organism-environment 
interactions generate. Psychological 
duration is often increased relative to 
an objective time continuum by exposure 
to painful stimuli and decreased by ex- 
periences which are satisfying. More 
explicitly, something unpleasant is more 
likely to seem as if it were lasting for 
a long time than something pleasant, 
which appears to last for exceedingly 
brief time intervals. A person absorbed 
in work is hardly aware of the flow of 
time, someone who is bored, in great 


pain, or in a state of anticipation may 
experience a period of five minutes as 
an “eternity.” 

Let us propose that mice, too, are sub- 
ject to a dynamic change in the sense 
of duration, and that this change can 
account for the obtained decrease in re- 
sponse latency. Experienced duration 
does not, of course, involve the problem 
of animal consciousness. Even if mice 
did have some sort of consciousness, 
the implications of such a state would 
have an expendable value because the 
method of inquiry is based upon the 
presence or absence of tangible (not 
verbal) data as they appear to the ob- 
server or, under more refined circum- 
stances, to the recording instrument. 
We shall assume that the latency de- 
crease occurs because the animal’s orien- 
tation in time as mediated by certain as 
yet unknown physiological “mechan- 
isms” now has the property of increased 
duration. Since the animal’s time has 
been, as it were, magnified, the response 
process tends to be accelerated relative 
to objective time. We shall later on 
examine the hypothetical possibility of 
such an event in more detail. In this 
connection we shall not resist the ad- 
ditional proposal of a pseudo-neurolog- 
ical brain model, for as Tolman has said, 
“.. . We should stick our necks out so 
that both we and others can see what 
these models are . . .” (19, p. 50). 

The following statements constitute 
the background for a systematic pre- 
sentation of some assumed events in the 
central nervous system: 


1. When a response latency decreases 
more or less gradually it is permissible 
to infer that psychological duration has 
increased relative to an objective cri- 
terion of time. 

Psychological duration is considered 
here as an intervening variable respon- 
sible for the change in latency. Its use 
as a construct is similar in intent but 
not in meaning to the Hullian concept 
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of habit strength. Hull (10) has stated 
that habit strength cannot be observed 
directly since this would presuppose a 
more fully developed knowledge of com- 
plex neurological relationships; on the 
other hand, it is possible to give an ac- 
count of antecedents which result in 
habit formation as well as of the sub- 
sequent behavior. 

The postulates which Hull has given 
are based upon individual, non-social 
behaviors. Postulate 15 (11) has a 
direct relevance to the decrease in fight- 
ing response latency determined in a 
social situation. This postulate con- 
cerns itself with reaction potential as a 
function of reaction latency. Reaction 
potential is postulated as a negatively 
accelerated decreasing function of the 
median reaction latency. The figure in- 
dicates that similar results were ob- 
tained in the present study. 

The decrease in response latency can- 
not be completely accounted for by a 
restricted mathematical treatment of the 


obtained data. Response latency is 
probably a dependent variable in a 
situation where independent variables 
are located primarily in the central nerv- 
ous system and hence not freely acces- 


sible to behavioral studies. It seems 
permissible, under the circumstances, to 
postulate a few of those hypothetical 
events which give an account of how the 
obtained data were possible in the first 
place. Of course, such attempts should 
be consistent with the actual observa- 
tions. In the present instance one of the 
assumptions that we permit ourselves to 
make is that a magnified experience of 
duration would tend to lead to a de- 
crease in latency. It is obvious that one 
cannot stop at the concept of psycho- 
logical duration, since it is only a link in 
a chain of central events. We shall try 
to suggest later on how, specifically, psy- 
chological duration is increased, as well 
as the relationship of such a process to a 
decrease in response latency. 


2. An increase in psychological dura- 
tion as shown by a decrease in response 
latency might be considered as behav- 
ioral evidence of the existence of emo- 
tional stress. 

This statement refers in part to the 
possibility that accelerated behavioral 
reactions when deviating from a given 
norm be considered as evidence of emo- 
tional malajustment. Observation tends 
to encourage such a notion in clinical 
cases that show hyper-sensitive, so-called 
neurotic behavior. Meerloo (14), among 
others, has observed such disturbances 
of time conception in both neurotic and 
psychotic patients. 

The basic objective datum employed 
in the present analysis consists of the 
fact that a regularly intervalled repeti- 
tion of a situation producing fighting 
behavior results in a decrease in response 
latency. Let us assume that succeeding 
superimposed trials of the fighting ex- 
perience establish traces in the central 
nervous system, which in turn are cap- 
able of decreasing the latency of the re- 
sponse process. A valuable concept dis- 
cussed by Woodworth (21) is that of 
consolidation. This process would seem 
to involve a spatially enlarged pattern- 
ing of nervous impulses. Emotional dis- 
turbances which appear as a result of 
stress may be conceived of as involving 
a spatially determined spread of excita- 
tion. Thus the partial or complete abol- 
ishment of emotionally grounded distress 
symptoms, for example, anxiety, has 
been achieved by the surgical procedures 
of lobectomy and lobotomy. Both types 
of surgery involve the disruption of spa- 
tially patterned neural configurations. 
In the case of lobectomy a spatially de- 
fined area is simply removed, thus limit- 
ing a harmful development of neural 
permutations. On the behavioral level 
this does away with feelings and behav- 
iors which are by implication isomorphic 
with the function of cerebral structures. 
A lobotomy is less radical because 
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the disruption of neural patterns is at- 
tempted. In the former procedure the 
cerebral geometry is changed by the ac- 
tual removal of field vectors, the latter 
method on the other hand is an at- 
tempted fragmentation and isolation of 
neural nets for the purpose of an ad hoc 
but beneficial reorganization of struc- 
tural relationships. Whenever one 
speaks of a possible isomorphic condi- 
tion between nervous system function 
and behavior, one is at the same time 
involved in an account of how the spa- 
tial patterns of a three-dimensional area, 
the brain, function through and upon 
behavior. The process of an emotional- 
verbal catharsis in directive and non- 
directive psychotherapies again seems 
to involve the re-integration of behavior 
patterns by means of a spatially oriented 
process of “emptying” and “re-packing.” 

In accordance with Boring’s (2) ap- 
proach we have attempted to reduce 
protensive variables to spatial patterns. 
The long intervalled process of consol- 
idation (at least twenty-four hours be- 
tween trials) should have led to a con- 
siderable strengthening of the fighting 
response trace system. We are, of 
course, assuming that the effects of re- 
troactive inhibition are here kept con- 
stant. In other words, the behavioral 
expression of a possibly innate response 
has become habitual. 

Development of these inferences de- 
pends upon the notion of a trace in- 
creasing in strength. A considerable 
amount of help is derived in this con- 
nection from existing results in psycho- 
physics in relationship to the time error. 
Pratt (15) in a tone stimulus compari- 
son experiment has found evidence to 
the effect that both fading trace and 
, assimilation phenomena are of import- 
ance for a lowering of the PSE. Despite 
these complications we allow ourselves 
to suppose that an increase in trace 
strength by repetition is capable of hav- 


ing an accelerating effect upon response 
latency. 

An additional fact available to us, un- 
tainted by analogy, is, of course, the 
fighting behavior itself. It should be 
stated that the writer entertains no 
absolute convictions in regard to the 
relative importance of innate (instinc- 
tive) or learning variables as far as ag- 
gressiveness is concerned. In a previous 
publication (8) it was tentatively con- 
cluded that aggressive behavior in mice 
cannot be accounted for by frustration 
as a single or exclusive cause. On the 
other hand, it was possible to demon- 
strate experimentally that the behavioral 
expression of aggressive urges is highly 
susceptible to training. For practical 
purposes and until more information is 
available, one may subscribe with some 
confidence to the hypothesis that ag- 
gressiveness is an inborn “trait.” This 
statement can be supported by the fact 
that male baby mice will fight spon- 
taneously at 34 days of age, in the ab- 
sence of frustration (8). 

A tentative solution of the instinct 
vs. learning problem has been provided 
by Lashley (13) who proposes that dif- 
ferences between learned and instinctive 
behavior are differences in degree of 
plasticity and adaptability only, not in 
kind. 

Fighting behavior is conceived of as 
a discharge of energy. Such a discharge 
presupposes the activation of a dis- 
charge mechanism. We hold that it is 
this discharge mechanism which brings 
about the decrease in response latency. 
The following conditions might be rel- 
evant for this function: 


a. Repetition of the fighting behavior, 
which would lead to a strengthening of 
a given trace system by a summation 
process. This should be possible neuro- 
logically if the repetitions occur at not 
too frequent intervals, thus avoiding 
fatigue effects. In essence, the process 
of repetition should result in a gradual 
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accumulation of coinciding discharge 
traces. 

b. Response latency as a behavioral 
form of resistance to the discharge of 
motor movement. A decreasing latency 
would, therefore, imply the lowering of 
a threshold for the behavior under con- 
sideration. A lowered threshold would 
in turn lead to a decrease in latency. 

c. From a neurological point of view, 
the lowering of threshold plus the cumu- 
lative effects of repetition should give 
rise to a so-called reverberating circuit. 
Such a circuit would have reflex prop- 
erties, but on a central rather than pe- 
ripheral level. It would, in the absence 
of inhibiting factors, be capable of re- 
producing its own pattern indefinitely, 
given, of course, the requisite amount of 
energy. An obsessive-compulsive neuro- 
sis may by analogy be the result of ab- 
normally functioning “reverberating cir- 
cuits.” Such circuits should not suggest 
themselves necessarily as final and ab- 
solute causes, especially in regard to 


psychopathological states. 

d. The decreasing response latency is 
a function of the strengthening of the 
circuit path by means of repetition and 
a lowering of the path resistance by 
means of the accumulation of memory 
traces. 


This hypothetical account must for 
the present avoid the problem of discrib- 
ing the mechanism which governs the 
latency decrease directly. Let us for the 
moment consider this problem as a 
“technical detail.” 

The preceding account makes it some- 
what apparent that we lean heavily upon 
the.law of exercise. One should like to 
suggest here the significance for future 
developments of psychological theory of 
Boring’s (2) suggestion that perceived 
duration be reduced to an intensity 
which substitutes for protensity. Any 
account of central processes should, need- 
less to say, be based upon a quantitative 
point of view. Let us assume that in- 


tensity is a function of frequency. Let 
us propose, furthermore, a concept of 
velocity, defined as a latency decreasing 
function of repetition. One could now 
be in a position to describe psychological 
duration as an intensity function, and in 
this way account for the basic hypothesis, 
namely, that an increase in psychological 
duration decreases response latency. 

Upon approaching psychological dura- 
tion from the point of view of intensity 
we find it possible to suppose that dura- 
tion is experienced as increased because 
of an increase in velocity (a function of 
repetition leading to increased inten- 
sity). 

In conclusion, it seems possible that 
duration is experienced as longer be- 
cause of an increase in neuro-physio- 
logical activity per unit of objective 
time. Such an increase in physiological 
gradients should occur most often under 
conditions of stress. This view would 
harmonize with the “raw” observation 
that time seems to last longer under con- 
ditions of psychological and somatic 
stress. An approach of this type has 
recently received some encouragement 
from experimental results in puppies 
(9) in which the writer found that be- 
havioral distress symptoms were cor- 
related with the manner in which a given 
length of time was spent in a small isola- 
tion box. Massed experience in this box 
resulted in relatively more excitation 
than distributed experience. It was con- 
cluded that periodic exposure to a frus- 
trating situation is less disturbing to the 
organism than continuous exposure when 
time is held constant. In general, the 
results indicated the importance of 
stimulus duration as an ingredient in 
traumatic experience. The protensive 
patterning of stimulus duration as an 
event imposed upon the organism gives 
rise to distress by a lengthening of the 
psychological experience of such dura- 
tion. 

Boring (4) has suggested another 
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type of raw observation: “Under condi- 
tions of stress, time seems to progress 
more quickly or at least not to move 
slowly (that takes account of not being 
aware of time at all when stress is 
great); but after conditions of stress, 
time seems to have progressed more 
slowly.” 

By using animal subjects one is pre- 
vented from checking upon the kind of 
conscious experience of time which they 
are aware of. We believe that the quali- 
tative problem of time experience must 
be developed in terms of at least two 
different types of situations: (a) the 
traumatic event, involving discomfort 
and fear because of the sudden impact 
of uncontrollable stimuli; these are 
stress conditions under which time may 
move rapidly; (b) anticipatory states, 
involving anxiety or a delay of goal ob- 
ject consummation; here time may pro- 
gress more slowly as compared with 
objective time. 

A consideration of time on a psycho- 
logical level can be applied to the “cogni- 
tive map” concept proposed by Tolman 
(18). He has made a distinction be- 
tween narrow strip-like and broad com- 
prehensive maps which organisms build 
up by means of commerce with the envi- 
ronment. The path connections of a 
narrow map are relatively fixed, where- 
as those of a broad map are complex, 
permitting a successful solution of new 
orientation problems. 

Narrow strip maps, according to Tol- 
man, are induced by (1) brain damage, 
(2) indistinguishable environmental cues, 
(3) excessive repetition of a single path 
goal problem, and (4) by too intense 
motivation or frustration. 

The fourth point was developed fur- 
ther by Tolman in terms of the sug- 
gestion that many intra- and inter-indi- 
vidual maladjustments be interpreted by 
means of a narrowing of the cognitive 
map because of overly intense motiva- 
tion or frustration. Psychoanalytic con- 


cepts such as fixation and regression are 
then considered by him in the light of 
cognitive maps. 

It seems to us that Tolman’s third 
point, repetition, needs further detailed 
explanation. Why does an overdose of 
repetition lead to the formation of a 
narrow cognitive map? By adding the 
factor of protensity as another dimen- 
sion of behavior response, it may be pos- 
sible to think of a cognitive map as re- 
maining narrow when the trace system 
of a given reverberating circuit is 
strengthened by repeated exposure to a 
given situation. This hyper-function- 
ing of a limited brain sector might in 
turn precipitate ever-decreasing response 
latencies to environmental cues. The 
accompanying magnification of the psy- 
chological time span could result in an 
incapacity to react more slowly, that is, 
to delay, and thus to permutate on a 
cognitive level various other possible 
path sequences before the actual dis- 
charge of motoric functions. In other 
words, a narrow cognitive map may in- 
volve not only a limited spatial orienta- 
tion but also a distortion of time per- 
spective. 


PERCEPTUAL HOMEOSTASIS 


So far, little attention has been paid 
to the behavior upon which present ex- 
perimental results and theoretical spec- 
ulations are based. Fighting, as has 
been pointed out before, is a socially 
determined relationship quite different 
from situations where a single rat finds 
itself in a maze and where the com- 
ponents of the maze remain constant 
and reliable, at least during a given trial. 
We have tentatively designated such 
fighting between two mice as spontane- 
ous because they were not physiolog- 
ically frustrated. 

Observation of mice commencing a 
fight shows a preceding period of ex- 
treme restlessness. This behavior is so 
striking that one is led to suppose that 
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the effect of two mice freely moving 
about reacts upon both in an “unfavor- 
able” manner, as shown by the ensuing 
restlessness immediately upon meeting. 

The term “perceptual homeostasis” 
describes a need for perceptual balance. 
This represents an extension of Cannon’s 
(5) concept of homeostasis, which is 
restricted to inner physiological balanc- 
ing processes. Perceptual homeostasis 
will be defined as a psychological need 
to predict and to control environmental 
stimuli. 

The behavior of two mice who are 
watching each other is difficult to pre- 
dict. From the point of view of one 
organism, the other one is seen as a 
stimulus, moving about, coming closer, 
or retreating in an ambiguous manner. 
A single mouse, on the other hand, in 
a single maze with a single constant goal 
point can be quite certain that correct 
performance will produce the expected 
reward. Behavior in such a situation 
would be a function of the state of 
physiological homeostasis. 

Fighting between laboratory rodents 
usually stops when one of the pair has 
beaten, or rather bitten, the other one 
into submission. Under such circum- 
stances the victor will cease his attack 
when the loser retreats into a corner and 
remains there in a motionless defense 
posture. 

The relationship between perceptual 
homeostasis and psychological duration 
is based upon the notion that a demand 
for stimulus mastery includes the addi- 
tional dimension for time. In the case 
of an unpredictably moving stimulus the 
probability of its entering a state of rest 
at a certain place and at a certain time 
is uncertain. The fighting response at- 
tempts to bring into balance an ir- 
regularly patterned process of percep- 
tion. 

The concept of perceptual homeostasis 
may find application in behavior situa- 
tions not marked by aggression alone. 


Tolman and Brunswik (20) have pro- 
posed that orientation in the environ- 
ment is governed more by probabilities 
than by certainty. Emotional stress 
could be a function, in part, of the degree 
of perceptual homeostasis. In addition 
to speaking in terms of probability rela- 
tionships, one could describe the effects 
of stable and unstable environments 
upon individuals and groups. One can 
in any event hope to discover more than 
a casual relationship between unpre- 
dictable environmental stimulus config- 
urations, both in terms of space and 
time, and aggression as an attempt at 
attaining stability of perceptual experi- 
ence. Development of this concept 
must be postponed until more research 
data become available. A behavioral 
quantification of this process is now in 
progress. 

Anyone making use of intervening 
variables within an explanatory frame 
of reference will sooner or later face the 
fact that it is not enough to let these 
variables remain in a state of nebulous 
inference. No amount of refined or less 
refined mathematical treatment can sub- 
stitute for a direct experimental attack 
upon unseen, but suspected phenomena. 
For psychology this would mean in- 
creased cooperation with various bio- 
logical disciplines. It is not enough to 
propose brain models; such verbal be- 
havior or analogizing should be accom- 
panied by hypothesis-testing through co- 
ordinated neuro-psychological research 
teams. 

The following formulations may be 
considered as conceptualized research 
problems to be solved in the future: 


Given: R (repetition), B (behavior), 
L (response latency), T (trace strength), 
S (response threshold), Ctr (reverberat- 
ing circuit), D (psychological duration), 
+ (symbol for increase), — (symbol for 
decrease), @ (symbol for interaction), 
«<>» (symbol for relationship), _ (sym- 
bol for correlation). 
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It was proposed earlier that psycho- 
logical duration (D) stands in signif- 
icant relationship to: 


a. Trace strengthening 

b. Lowering of response threshold 

c. Reverberation of an established 
trace circuit 

d. Decrease in response latency 


Only the last variable can be con- 
sidered as a quantified derivative of the 
entire process. It was gotten by a 
measurement of the period elapsing be- 
tween first perceptual contact and the 
onset of vigorous fighting. All the other 
variables, except the fighting, are of the 
intervening, or more correctly, assumed 
kind. A justification for proposing them 
in the first place rests upon the hope 
that evidence may be found for them 
by means of psychological and biological 
research. 


SyMBOLIC CONSTRUCTS 


1. The strengthening of a trace (T): 

T*<R@B: an increase in trace 
strength is related to an interaction 
process of repetition and the specific 
behavior. 

2. The lowering of a response thres- 
hold (S): 

L-«S-: a decrease in response in 
latency stands in direct relationship to 
a decrease in response threshold. 

3. Reverberation of an established 
trace circuit (Ctr): 

Ctr* + S @ R*: the strength of a re- 
verberating circuit stands in direct rela- 
tionship to the interaction of a lowered 
response threshold and increased repeti- 
tion. 

4. The decrease in response latency 
(L): 

L~@ Ctr* <> S-@Rr: the interaction 
of decreased response latency and the 
reverberating circuits stands in direct 
relationship to the interaction of lowered 
response threshold and increased repeti- 
tion. 


5. The increase in psychological dura- 
tion (D): 

D* = @ L- Ctr* R* S~: the increase in 
psychological duration stands in direct 
relationship to the interaction of latency 
decrease, reverberating circuit strength, 
increase in repetition and threshold de- 
crease. 

These formulations may be treated as 
suggested correlations. For example, 
T*<R@B may be written as T*lL 
R @ B where T” is to be regarded as an 
intervening variable as long as no direct 
neurological evidence for it is available. 
A correlation between T* and R @ B be- 
comes possible when its demonstration 
and quantification has materialized. 
Naturally, this would presuppose some 
far-reaching advances in a number of 
basic sciences. With further develop- 
ments it may, of course, become un- 
necessary to retain the concept of 
“trace” altogether. 


SUMMARY 


This paper contains the postulation 
and theoretical development of two gen- 
eral concepts. 

Psychological Duration, the first con- 
cept, is described as an hypothetical 
process which, under conditions of stress, 
is asynchronous with respect to objec- 
tive or distal criteria of time flow. 

Experimental evidence derived from 
a study of spontaneous aggression in 
homozyous mice suggests that an in- 
crease in psychological duration is one 
of the factors responsible for a decrease 
in fighting response latency. 

The determiners of spontaneous fight- 
ing were subsumed under the generalized 
concept of Perceptual Homeostasis. This 
term describes the attempt of organisms 
to maintain environmental stimuli in 
an approximately balanced state. The 
hypothesis was advanced that aggres- 
sion is the behavioral end process of 
an attempt at making the unpredict- 
able moving opponent into a constant 
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and predictable stimulus. Perceptual 
homeostasis involves not only the search 
for cognitive stability in space, but ad- 
ditionally, it involves the predictability 
of events with respect to their starting 
and end points in time. Under condi- 
tions of emotional stress the state of 
psychological duration may affect and 
seriously disturb delay and anticipatory 
functions of the individual. 
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ILLUSION AS A PROBLEM IN SYSTEMATIC PSYCHOLOGY 


BY HORACE B. ENGLISH 
The Ohio State University 


As usually stated, even in psycho- 
logical textbooks, the problem of Illu- 
sion is an epistemological one. That is 
to say, we are asked to account for the 
fact that perceiving sometimes fails to 
yield knowledge of reality. It is the 
purpose of this brief note to indicate 
how the problem may be stated in psy- 
chological terms. 

To begin with, we must as psychol- 
ogists turn away from the “correspond- 
ence” theory of cognition. We cannot 
say that “true” cognition correspohds 
with reality while false cognition does 
not. Since cognizing is an organic or 


personal activity, it should be immedi- 
ately apparent that it cannot be similar 
to an object (the “real” object) which 
is not active and not organic or personal. 


In perceiving there is an acting with 
reference to an object or object-situa- 
tion, but the acting is not the object nor 
similar to the object, any more than the 
batting is similar to the batted ball. 
(The nature of the object of perceiving 
is a topic by itself; I have elsewhere ar- 
gued that the psychologist must take a 
naively realistic attitude towards ob- 
jects.*) 

In place of the epistemological cri- 
terion of correspondence with reality, 
the psychologist has the category of de- 
termination. An act of perceiving (or 
thinking) is partly determined by the 
object, but, of course, partly by the per- 
son. Any given experience—or better, 
experiencing—must be placed some- 
where on the continuum between com- 
plete objectivity (determination wholly 
by the objective situation) and complete 
subjectivity (determination wholly by 


1See “Naive psychological realism vs. criti- 
cal realism,” J. Phil., 1926, 23, 682-685. 


the person). ‘Pure objectivity and pure 
subjectivity are limits, almost certainly 
never realized. 

This distinction, though it does not 
by itself yield a criterion of illusion or 
error, does open the way to a psycho- 
logical treatment. [Illusion or error is 
quite simply defined as a personal act 
inadequately determined. Now the tra- 
ditional doctrine of illusion also used the 
concept of inadequacy; it spoke of an 
“inadequate copy'of reality.” This cri- 
terion, however, carries one clear outside 
the field of psychology and plump into 
that of epistemology, whereas the cri- 
terion of inadequate determination car- 
ries us back to the person. Jilusion is 
knowing which is inadequate to the 
needs of the person. 

This conception is half-heartedly sug- 
gested in many of the psychological 
treatments which make visual illusion, 
for example, a matter of non-correspond- 
ence with other modes of apprehension, 
especially with kinesthesis. But why 
should we say that it is vision which 
is illusory? Why grant priority to the 
kinesthetic? Actually we do not. Per- 
ception is illusory when our perceiving 
activities do not hold together in the 
way required by personal needs. 

Consider a few typical cases. In the 
bent-stick illusion, the act of perceiving 
is relatively completely determined by 
the pattern of light rays on the retina. 
It is objectively determined. Nonethe- 
less, here is illusion, because apprehend- 
ing the object in this way leads the per- 
son into trouble with his world. 

On the other hand, the remarkable 
constancy with which we perceive 
shapes, colors, and sizes in defiance of 
great changes in the retinal images (i.e., 
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in defiance of the objective determiners 
of perceiving) is not reckoned as illusion 
or error. For it suits the needs of the 
person that the object be immediately 
apprehended as constant. 

Again, we may have visual imagining 
which is almost wholly free from ex- 
ternal control, that is, determined only 
in very minor degree by some trivial ob- 
jective cue and to an enormous degree 
by personal desire; yet this imagining 
activity is not illusory so long as it is 
recognized by the person as imagining; 
that is to say, so long as he does not 
base his other acts unwisely on this act 
of imagining. In contrast, the so-called 
hallucinations of the insane are fre- 
quently very completely Getermined by 
objective factors; that they see snakes 
is due to actual patterns of light and 
shade that really do look snaky. Yet 


here the predominance of objective de- 
terminers does not save the activity 
from being gravely illusory. 

In short, neither the epistemological 
concept of the fidelity of a “mental 
copy” to an objective reality (which can 
only be known by means of such copies), 
nor the more psychological concept of 
objective or subjective determination 
can provide us with an acceptable cri- 
terion of illusion. We must have re- 
course to the concept of personal rel- 
evance. Veridical perceiving is adjustive 
to the long-term needs of the person, 
illusory perceiving is maladjustive to 
those needs. Without the concept of 
the person and his needs, a distinction 
between illusion and “true” cognition 
cannot be made. 


[MS. received June 26, 1950] 








AN IDEAL EQUATION OF FORGETTING DERIVED 
FOR OVERLEARNING 


BY IVAN D. LONDON 
Harvard University 


The’ theory of the engrain-complex, 
as formulated in a previous paper (5), 
assumes that percentage of retention 
n is proportional to the degree of ac- 
tivation of an associated engram- 
complex consisting of engram-units, 
each subject to inactivation and sub- 
sequent reactivation. For non-over- 
learned material or activity the time 
rate of change of activation percent- 
agewise is given by the differential 
equation: 

dn 


— = —an+ bn(l — n), 


(1) 


where a and b may be regarded as 
coefficients of decay and restoration 
respectively. The solution of (1) is 


b-a 
~ b — aero’ 


where ¢ is the transcendental number 
encountered in the calculus. The de- 
tails of the solution, as well as the 
methods for estimating the magni- 
tudes of a and 5, are presented in the 
paper in which the concept of the 
engram-complex is introduced (5). 
The molecular interpretation of 
the engram-complex as a distribution 
of spatially noncontiguous molecules 
within a neural network leads to the 
identification of an engram-unit with 
a highly complex molecule capable of 
assuming quasi-ison.eric energy-states. 
An activated engram-unit is then a 
molecule in a state of excitation.! 


b>a, (2) 


n 


1Isomeric molecules are composed of the 
same elements united in the same proportion 
by weight, but differing in some properties 
because of difference in structure. When a 
molecule is excited, its constituent atoms 
undergo temporary rearrangement. Hence, 


The state of excitation of this mo- 
lecular engram-unit is associated with 
a higher energy-level than obtains 
prior to its energizing or activation. 
In the previous paper, in which equa- 
tion (2) was derived, only two energy 
levels were assumed: an energy-level 
E, corresponding to the energy-state 
of an activated engram-unit and an 
energy-level Eo corresponding to that 
of an inactive or inactivated engram- 
unit. 

The assumption of two energy- 
levels only, Eo and £,, is sufficient for 
the derivation of equation (2); no 
doubt, because equation (2) was in- 
tended to hold only for material or 
activity not subjected to overlearning. 
However, there is no reason to sup- 
pose a general limitation to two 
energy-levels, Ey and E;. On the 
contrary, the molecular interpreta- 
tion of the engram-complex indicates 
the existence of higher energy-levels: 
E, Es, 0009 Mie 

On the assumption of the funda- 
mentally molecular nature of the 
engram-unit, recognition of this fact 
makes it possible to generalize the 
theory of the engram-complex to cover 
overlearning. Out of this generaliza- 
tion will emerge an ideal derived 
equation for the course of forgetting 
of overlearned material or activity 
through time. 

Learning to a criterion of 100 per 
cent mastery activates an engram- 


when a molecule is said to be capable of 
assuming quasi-isomeric energy-states, we 
mean that its distinct energy-levels corre- 
spond to significantly different and relatively 
stable configurations of the atoms constitut- 
ing it (3, 5, 10, 11). 
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complex, the distributed collection of 
whose engram-units constitutes the 
ideal minimum number M of acti- 
vated engram-units basic to perform- 
ance of the learned activity. On the 
assumption of two energy-levels, over- 
learning is explainable only by the 
supplementary activation of engram- 
units beyond the attained minimum 
M. There is reason to believe that 
this does take place. However, even 
if this additional activation is involved 
in overlearning, the assumption by 
itself fails to account for the lineariza- 
tion of the curve of forgetting for 
overlearned material and the marked 
retardation of its descent to asymp- 
totic values. 

Let us, therefore, generalize the 
theory of the engram-complex to more 
than two energy-levels. To keep the 
mathematics tractable, we shall as- 
sume three energy-levels: Eo, E,, and 
E,, but no restorative processes. The 
effect of the latter can be surmised 
readily enough by graphical addendum 
to the plotted curve of the derived 
equation. 

Learning to a criterion of mastery 
assumes the establishment of at least 
energy-level EZ, in M engram-units, 
where M is the minimal number cor- 
responding to 100% performance. In 
the course of raising engram-units 
from E, to E;, a number of already 
activated engram-units most certainly 
undergo elevation from £, to EZ. If 
only M engram-units can constitute 
an engram-complex, that is to say, if 
only M engram-units can be energized 
from E, to E,, then overlearning 
means that energizing is concentrated 
on raising these already activated 
engram-units, and no others, from EF; 
to E,. 

If, on the other hand, supplemen- 
tary activation is also involved, as 
we may well surmise, additional 
engram-units are raised to E; con- 
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currently. These are thereby drawn 
as members into the original engram- 
complex in the course of concomitant 
elevation of previously activated units 
from E, to E;. Ultimately, with over- 
learning, supplementary activation 
must:come to an end and £; be ideally 
the energy-level of all the constituent 
units of the engram-complex. If sup- 
plementary activation has been in- 
volved, then, at cessation of learning, 
n > 100%. 

Suppose that in either case all the 
engramn-units have been raised to E. 
If we take as base, M, the minimum 
number of engram-units correspond- 
ing to a criterion of mastery, then the 
initial per cent of engram-units at E,, 
on cessation of learning, may be repre- 
sented by m where m > 100%. 

According to quantum theory, spon- 
taneous reversion occurs successively 
from E; to E, and then from E, to Ey 
—E, corresponding to inactivation. 
Furthermore, the rates of reversion 
from E, to E; and from £, to Eo are 
in general different. Thus, we have, 
as a basic correlate to the process of 
forgetting, a process of progressive 
inactivation compounded of two re- 
versions of energy-levels taking place 
in succession. 

With the above in mind, we pro- 
ceed to derive an ideal equation of 
forgetting for overlearned material 
when no restorative processes are in 
operation. Let m = % of engram- 
units at E, at time #. Let m = % of 
engram-units at E, formed up to time 
t. Let m = % of engram-units at Ey 
formed up to time ¢. Then, m — mo 
= % of engram-units at E, present at 
time t. 

If the rate of reversion from E, to 
E, percentagewise is proportional to 
the momentary percentage obtaining, 
(3) 


dt 


=— CN, 
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where c is the constant of propor- 
tionality. Since m, = m— m™, sub- 
stitution in (3) yields 

dn, 


dt 


In other words, at any given time é, 
m, is increasing at a rate proportional 
to the value of m, at that time. Since, 
on exclusion of reversion from FE, to 
Eo, m2 = m — m, the differential equa- 
tion for time rate of change of m is 
that given by (4). 

Similarly, at any given time #, mo is 
increasing at a rate proportional to 
the momentary percentage of engram- 
units at EZ, obtaining. Since the per- 
centage of engram-units at &, is 
nm, — mo, the ‘lifferential equation for 
time rate of change of no is 


(4) 


= c(m — m). 


(5) 


Mo), 


dt ~ 

where a is a constant of proportion- 
ality. 

Equation (4), since it contains only 

one dependent variable, can be at 

once integrated. The solution of (4) 


1S 
(6) 


where C is the constant of integra- 
tion. Since at ¢t = 0, m = 0 ideally, 
evaluation of C leads finally to 


a(m — 


m— nm, = Ce“, 


(7) 


m, = m(1 — e~**). 
Substituting (7) in (5) leads to 
ane + any = am(1 — e**), (8) 


a differential equation which is linear 
in the dependent variable mo. 
Equation (8) is of the form, 


d 
= + Pu = 0. (9) 


Multiplying both sides of (9) by 
the integrating factor, 


R = ef Pat, (10) 


LoNnDON 


converts (9) into a form facilitating 
solution (8, 9). The solution, itself, 
will then be given by 


mR = [ROU+C, (11) 
where C is the constant of integration. 
Since P = a, 
R = e*. (12) 
Hence, substitution of (12) in (11) 
yields 
nge** = fe**-am(1—e-*)dt+C. (13) 


Evaluating the integral in (13) leads 
finally to 


a 


noe** = me** — elon +C. (14) 


Since m» = 0 when ¢ = 0, we find 


—. (15) 


Substituting (15) in (14) and dividing 
through by e* yield the equation, 


C=- 


c ete), (16) 
c—a c—a 


no=m(1+ 


This equation is of first importance 
since it describes the percentage 
growth of engram-unit inactivation 
with time and, hence, the course, 
through time, of the correlated loss in 
retention. 

Let 
(17) 


Substitution of (16) in (17) yields 
finally the desired ideal equation, 


n=m— Np. 


™m 
= 
¢—a 


n (ce~** — ae“). (18) 

The magnitude of the constant a 
can be estimated for given material 
or activity by the method described 
in a previous paper (5). The value 
of c and m can then be adjusted to 


the data. 
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Equation (18) assumes an indeter- 
minate form should a =c. How- 
ever, on proceeding directly from 
equation (8) by means of the same 
method described above, we can arrive 
at an equation valid for this con- 
tingency. Therefore, if a =c, we 
arrive at 


n = m(1 + at)e™. (19) 

As was shown in the previous 
paper (5) for non-overlearned ma- 
terial, a = 1/i, where i, = average 
duration of engram-unit activation at 
energy-level EZ, when no restorative 
processes are in operation. Simi- 
larly, c =1/i, where i, = average 
duration of initial engram-unit activa- 
tion at energy-level EF. 

Thus, if we take m = 1, that is to 
say, if no supplementary activation 
has taken place and all engram-units 
in the complex are ideally at &, 
curves 2, 3, and 4 represent re- 
spectively three possibilities: t, < t,, 
i, = i,, and i, > é,. Curve 1 repre- 
sents ideally the course of forgetting 
for non-overlearned material.? 


2The reader is again reminded that res- 
storative processes are excluded from con- 
sideration. Hence, the otherwise inadmis- 
sible asymptotic » = 0. 


2 tdays 3 


In curve 1, é, is taken, for illustra- 
tive purposes, as equal to one day. 
Its equation is, therefore, 

n =e, (20) 


In curve 2, i, = 1 and é, = 1/2. 
Appropriate substitution in (18) shows 
that its equation is 


(21) 

In curve 3, 4, =?, =1. Corre- 
sponding substitution in (19) yields 

n = (1 + fe. (22) 

In curve 4,i, = 1andt, = 1.5. Ap- 


propriate substitution in (18) yields, 
on simplification, 


nm = Ze — Je-!, 


n = 2e-* — e*, 


(23) 


We note the increasing linearization 
of the curve of forgetting and the con- 
comitant retardation in its descent 
with relative increase of i, over é,. 

If supplementary activation is taken 
as having occurred, then m>1. In 
this contingency equations (21), (22), 
and (23) must be multiplied by a 
constant-—the value of m. This re- 
sults graphically in the bodily shift 
of the curves upward with consequent 
marked increase of retention over 
time, even with ideal exclusion of 
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restorative processes. Were these 
latter processes also in operation, it is 
readily seen, without further mathe- 
matization, that, under the above 
scheme of energy-levels within en- 
gram-complexes, memory for things 
and action can persist indefinitely. 

There are a number of consequences 
discernible in the approach to the 
problem of retention as sketched in 
this paper. It suffices to allude 
briefly to two of them. 

1. Expenditure of effort in relation to 
degree of overlearning. Given energy- 
levels Eo, Ei, ..., En, it becomes in- 
creasingly difficult to bring about ele- 
vations to successively higher levels. 
We should, accordingly, anticipate 
increasingly uneconomical expendi- 
ture of effort to accompany increasing 
degree of overlearning. This predic- 
tion is in accord with the known data 
of experiment. 

2. Memory of events in infancy. If 
we assume the fundamentally molec- 
ular nature of the engram-unit, then, 
as previously shown (1, 4, 5, 7, 11), 
rate of forgetting turns out to be a 
function of internal body temperature 
as well as of other variables. It is 
known that elevation of temperature 
increases rate of spontaneous rever- 
sion of energy-levels. Therefore, in 
accordance with the molecular inter- 
pretation of the engram-complex, one 
must conclude that rate of forgetting 
accelerates with temperature increase. 

We may regard the individual as 
immersed in a heat bath—his own. 
To combat the deleterious effect of 
sheer body heat on the integrity of 
the engram-complexes requires (1) 
that the constituent engram-units of 
the latter be activated to sufficiently 
high energy-levels and (2) that appro- 
priate restorative processes have been 
formed and are in effective operation. 
In the infant we have every reason 
to conjecture that these two condi- 
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tions are not met. Hence, early 
engram-complexes cannot resist ther- 
mal attack and memories from early 
infancy cannot be maintained. 

This, then, constitutes a non- 
repression theory of the total failure 
to remember infantile events,’ and is 
an example of the capacity of the out- 
lined engrammatic theory to cope 
with problems outside its original 
purview. Experimental and further 
theoretical investigation is needed, 
however. It remains to be seen 
whether at the present stage continued 
generalization along these lines can 
be fruitful. 


Mathematical Note 


The process of reversion at one rate 
from FE, to E, and, then, at another 
rate, from E, to Eo serves to build up 
m, — mo at E, to a momentary maxi- 
mum before falling off subsequently. 
This maximum is calculable, as well 
as the time of its attainment, assum- 
ing, as always, no restorative proc- 
esses in operation. 

Subtracting (16) from (7), we have 


Mm — Ny = (ee — e**), (24) 


& 6 


Differentiating with respect to t, we 
obtain 


F(m—0) = (ae+!—ce-*), (25) 


Setting (25) equal to zero in order to 
maximize, we find, on simplification, 


that 
, In(c/a) 
" €=6 


, €ee, (26) 


that is to say, ¢, as given by (26), is 


the time at which m, — mp attains its 
maximum. 


*The selective forgetting which subse- 
quently characterizes early childhood mem- 
ories is, of course, another matter, though 
thermal deterioration of engram-complexes 
continues to be a factor. 
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It remains to ascertain the value of 
this maximum. On setting (25) equal 
to zero, we have, on transposition, 

¢ 
et! = ll oe, (27) 


Substitution of (27) in (24) leads, on 
simplification, to 


(28) 


oi — ct 
n no = gc. 
1 0 a 


If ¢ # a, we may substitute (26) in 
(28). Therefore, recollecting that 


ens =x, 


we have, on appropriate simplifica- 
tion, : 
nm, — mo = m(c/a)*/9, (29) 
The formula, as given by (29), gives 
the desired maximal percentage of 
engram-units at energy-level £). 
Utilizing (7), (17), and (19), similar 
procedure leads, in the case where 
c¢ =a, to the maximum, 


Mm —m =m/e at t =1/a. (30) 
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THE APPLICATION OF THE METHOD OF PAIRED 
COMPARISONS TO THE STUDY OF 
REACTION POTENTIAL 


BY RAYMOND H. BURROS! 
University of Arkansas 


L. L. Thurstone (5, 6, 7) made a 
distinct contribution to the science of 
psychology when he introduced his 
technique of scaling data obtained by 
the Method of Paired Comparisons. 
Although the technique was early 
used in typical “psychophysical” ex- 
periments, probably its greatest value 
has been in the quantification of be- 
havior which was not clearly correlated 
with any easily discoverable physical 
antecedent variables (2, p. 217). Re- 


cently, however, Hull and associates 
(4) have utilized the technique in a 
quite different context (both theo- 
retical and experimental) from that 
set forth by Thurstone. 


Although 
Hull took over Thurstone’s algebra, 
he gave quite a different theoretical 
signification to the symbols used. 
This shows that, in a certain abstract 
sense, the mathematical development 
of the quantificational technique is 
independent of any specific theory of 
behavior. Since Hull’s application of 
the technique will probably be used 
increasingly in the near future, this 
paper will be stated in his language. 
The algebraic development, however, 
may be of interest to any researchers 
who use the Method of Paired Com- 
parisons—in quantitative behavior 
theory, in psychophysics, or in social 
psychology. 

Although Hull’s description of the 
actual mechanics of quantification of 
reaction potential (4) needs no supple- 


1 The writer expresses his deepest gratitude 
to his colleagues, Dr. Harold D. Hantz and 
Dr. Sol M. Roshal, for technical criticism, 
and to Miss Cleta Stuart for preparation of 
the typescript. 


ment, it should be noted that the 
theoretical basis of the technique is 
there presented in a form limited to 
the particular conditions of the experi- 
ment: #.e., constant, primary drive; 
constant, small reinforcement; regu- 
lar, distributed trials, etc. (1). In 
terms of Hull’s theory, however, the 
technique is quite applicable to many 
different antecedent conditions. The 
drive may be primary or secondary, 
variable or constant. The reinforce- 
ment may be of any amount, even 
zero, constant or variable, primary or 
secondary. The trials may be spaced 
in any manner, etc. In their pioneer 
article, Hull e¢ al. (4) were con- 
cerned with the quantification of habit 
strength in terms of reaction potential 
with constant drive. Since others 
may wish to apply their technique to 
quite different conditions, the first 
purpose of this article is to state the 
most general set of postulates from 
which the quantification of effective 
reaction potential may be deduced for 
any experiment. 

The equations for estimating ox, 
which Hall et al. took over from 
Thurstone, are only simple first ap- 
proximations. This fact lends im- 
portance to the following possibilities: 
(1) There may be more complicated 
but more exact formulas to which 
Thurstone’s would reduce as a first 
approximation. (2) There may be 
other first approximations, just as 
valid as Thurstone’s, but requiring 
less arithmetic. The second purpose 
of this paper is to present an example 
of the second alternative. It is hoped 
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that the demonstration that more 
than one approximation exists may 
stimulate the mathematically inclined 
reader to further research on this 
problem. While approximate formu- 
las may be adequate to obtain certain 
desired equations, more exact ones 
may be needed to settle such ques- 
tions as whether the probability dis- 
tribution of momentary effective reac- 
tion potential is leptokurtic or normal 


(8). 


STATEMENT OF POSTULATES 


The following postulates, obtained 
from an analysis of the papers of 
Thurstone (6, 7) and of Hull et al. (4) 
and of Guilford’s book (2), may be 
stated as follows: 


(1) Momentary effective reaction 
potential (.E,) is a monotonic decreas- 
ing function of momentary reaction 
latency (,f,) and conversely. 

(2) At any given trial, the prob- 
_ ability distribution of .B, about the 


mean effective reaction potential (,Z,) 
is approximately normal. 

(3) The above-mentioned probabil- 
ity distributions at any two trials are 
uncorrelated. 

(4) The standard deviations (c,) of 
all the above-mentioned distributions 
are of the same order of magnitude. 

(5) The unit of reaction potential 
is proportional to the mean of all 
the above-mentioned standard devia- 
tions (@). 

The postulates, so far, refer to a 
single organism. In order to give 
them practical application, another 
postulate is required: 

(6) The comparisons of the laten- 
cies of any two trials of a given subject 
may be pooled with comparable data 
from other subjects (in an approxi- 
mately homogeneous group of organ- 
isms) to give data describing a hypo- 
thetical average member of the group. 


These postulates are supplemented 
by two definitions: 


(1) The ratio of the unit of reaction 
potential to the mean of the above- 
mentioned standard deviations is de- 
fined as 1. 

(2) The arbitrary zero of the scale 
values is defined as the value at the 
first trial of the conditioned response. 

From these postulates and defini- 
tions, together with a few other 
definitions and theorems of statistical 
theory and logic, the entire mathe- 
matical basis for the quantification of 
reaction potential may be deduced. 

The reader may notice that the 
only constructs of Hull’s theory that 
are mentioned here are momentary ef- 


fective reaction potential (.B,) and ef- 
fective reaction potential (,2,). None 
of the others which are introduced in 
his book (3) need be mentioned in the 
postulates for quantifying ,£,. The 
quantificational postulates are be- 
lieved to be logically independent of 
the others; for example, that govern- 
ing the growth of habit strength. 


THE Basic EQUATION 


Hull (4) has shown that the problem 
of quantifying the effective reaction 
potential (measured from an arbitrary 
zero) at any trial may be approached 
by first determining the difference 
between the effective reaction poten- 
tials of any two adjacent trials. Then, 
by adding up successive increments, 
the desired values for all trials may 
be obtained. 

Consider any two trials, x and y. 
By postulate 2, both E, and E, are 
normally distributed about their re- 
spective means E, and £,, with stand- 
ard deviations ¢, and oy. Therefore, 
the momentary differences (E, — B,) 
are normally distributed about their 
mean (E, — E,) with a standard de- 
viation gz. By a well known,theorem 
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of statistics and postulate 3, 
Cy = Vo? + 9,3. (1) 


For any given subject, if E, > E,, 
then, by Postulate 1, t, < t,, and con- 
versely. 

According to Postulates 6 and 1, 
by finding empirically the probability 
(for the group) that momentary la- 
tency at trial x is less than that at trial 
y we have thus determined the prob- 
ability that momentary effective reac- 
tion potential at trial x is greater than 
that at trial y. 


P(E, > B,) = Pi. <i). (2) 


Postulate 2 allows us to use a table 
of the normal probability integral to 
find the number (X,,) of standard 
deviations of difference (¢,,) between 
the means. By definition of X.,, 

E. — E 
Xa = — ‘ (3) 
zy 

Therefore, from equations 1 and 3, 


B, -— B, =X,Noe+0,. (4) 


Equation 4 is the basic equation for 
the solution of the problem. The 
value of X., for any two trials is 
readily determined. The crux of the 
problem, therefore, is the technique 
for estimating the values of the 
sigmas. Following Hull (4) we shall 
confine ourselves to Thurstone’s ‘‘Case 
III” (6, 7). 


THURSTONE’S METHOD OF 
ESTIMATING o; 

Consider any three trials, h, 7, and 
k. Trials h and j are to be held con- 
stant, once chosen, while & is to be 
considered a variable. 

By applying equation 4, therefore, 


EB, — By = XuaVow? + on, (5) 
BE, — By = XiNor+o?7. (6) 


By subtraction and rearrangement, 


“(Sets). m 


Equation 7 deserves careful con- 
sideration. Since & is the only vari- 
able subscript, the only variables are 
Xij, ox, and Xs. Equation 7 says 
that X,,; is a joint function of Xx 
and o,. The other symbols, on, o;, E;, 
and £,, are parameters. 

At this point, Postulate 4 allows us 
to introduce an approximation (6, p. 
281): 


Voz + of pa ¥ (ox + 95). (8) 


A similar equation holds for o; and ox. 
Substitution of these approximations 
into equation 7 gives 


Xyt (24) xu 


on + 9; 
* (zu ~ ay. pa 


on + Gj 


Postulate 4 also allows another first 
approximation: We may set o, equal 
to the mean of the sigmas, which, by 
Postulate 5 and Definition 1, equals 
1.00. 


. fito 

Xi = ( Fo) * 

ite + Gj 
Equation 10 states that Xi; is 
approximately a linear function of 
Xin. Analytic geometry tells us that 
the slope of this line is given approxi- 

mately as 


(10) 


re. 
l+o 


Equation 10 implies ~ there is 
approximately periect correlation be- 


(11) 


m = — 
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tween X,;and Xi. By a well-known 
theorem of statistics, the slope (m) 
also is given approximately as 


(12) 


Ag a 
Mm = — 
V;’ 


where V, is defined as 





N 
Vee VEE Kut — Mt, (13) 


k=1 


Mi, is X ka. (14) 


Nei 
In these formulas N equals the total 
number of trials the data of which are 
being scaled. Replacing A by j in 
equations 13 and 14 allows us to cal- 
culate M; and Vj. 
By equations 11 and 12, 


i+o., V; 


l+o;5 Vi 
Vill + on) © Vi(1 + o;). (16) 


Up to this point h and 7 have been 
held constant. But since equation 16 
is true for any integral values of h 
and j from 1 to N, each side equals a 
constant, defined as a. Using the 
dummy index k we may therefore 


write: 
V,.(1 ~ ox) — a; (17) 
ox = (a/V;) — 1. (18) 


The constant a may be evaluated by 
summing equation 18 for all values 
of & from 1 to N. 


Lor = aD(i/Vi) — N. (19) 
But by Postulate 5 and Definition 2, 


(15) 


eay Le =1; (20) 


(21) 


By using equations 19 and 21 and 
solving for a, 
2N 


a= Fa ‘ (22) 


Loe = N. 


Equations 18 and 22 constituted 
Thurstone’s major contribution in 
this area. 

Once the constant a is evaluated 
by equation 22, o; for each value of k 
is calculated from equation 18. Then, 
using equation 4, the differences be- 
tween the effective reaction potentials 
of any two adjacent trials may be 
calculated. By using Definition 2 
and adding up successive increments 
of difference between values of adja- 
cent trials, the scale value of any 
trial may be calculated. In practise 
this is not done so simply. The dif- 
ference between any two adjacent 
trials also may be found indirectly by 
subtraction, as Hull (4) shows, follow- 
ing Thurstone. These various esti- 
mations of the same difference do not 
always agree exactly. It is customary 
to take the mean difference to get the 
best estimate of the difference be- 
tween the scale values of any two 
adjacent trials although the median 
difference could be used. The choice 
of the best central tendency of differ- 
ence is a matter for statistical theory 
to decide. 


THE New METHOD OF 
ESTIMATING o; 

Up through equation 7, the new 
analysis proceeds as before. The 
approximation given in equation 8, 
however, is not introduced. The ap- 
proximation involved in setting ox 
equal to 1 is, however, used. Thus 
equation 7 becomes 
Xn vi + Vi + 0? 

ey WteH | 

‘2h 
ces + of 


This says that X,,; is approximately 
a linear function of X4, with slope 


ae V1 +o? 
Vi +o? 


(23) 


(24) 
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By combining this with equation 12, 


Vito? Vs 
ViV1 + on? = VjV1 + 07. 
Vit(1 + on*) = VAL + of). 


Equation 27 implies that each side 
approximately equals a constant (de- 
fined as }) just as did equation 16. 
Using the dummy index k: 


ViA(1 + o;*) = 0. 


Instead of attempting to evaluate 3, 
we shall square both sides of equation 
17 and subtract equation 28 from this. 


V1 oe 2o% oa o;’) = a’, 

Vi(l + 02%) = 0; 

*. 2Vi2ox = a? — 0; 
Vi20% = Cc, : 


2 . 
1 + = Vi (25) 





(26) 
(27) 


(28) 


(29) 
where, by definition, 


c = (a? — D)/2. (30) 
Since both a and 6 are approximately 
constants, so is ¢. 


Crk = c/ V;2. (31) 
The constant c may be evaluated by 
summation: 


N = Dor = cL (1/V2); 
Leis. 
©“ S0/V2)* 


Equations 31 and 32 should be 
compared to their predecessors, equa- 
tions 17 and 18, respectively. The 
new equations demand appreciably 
less labor of computation, since it is 
not necessary to take the square root 
of each value of V,?. Since the new 
formulas are deduced from the same 
postulates from which the old ones are 
obtained, the new.ones may claim 
equal validity with the old ones. 


(32) 


EMPIRICAL TEST OF THE NEW 
FORMULAS FOR ESTIMATION 
OF op 


In order to test experimentally the 
validity of the new equations for 
estimating ox, it was decided to cal- 
culate the scale values (effective reac- 
tion potential measured from an arbi- 
trary zero) of a set of data whose scale 
values had already been determined 
by use of the old formulas. The- 
oretically, the corresponding scale 
values for each trial should be equal. 
If the new values are plotted against 
the old ones, the plotted points should 
fall closely about a straight line ex- 
tending from the origin with a unit 
slope. 

To diminish the amount of com- 
putational work, the data presented 
by Hull e¢ al. for nine trials of 59 rats 
were used (4, Tables 5 and 6, pp. 245, 
247). 

Table I shows the values of 1/V;? 
for each of the nine trials. These 
values were obtained by squaring the 


TABLE I 


THE COMPARISON OF THE VALUES OF o% 
OBTAINED BY Two DIFFERENT METHODS. 
Values of 1/V2 were obtained by 
squaring Hull’s values of 1/ V3. 








Hull et al. (4, p. 247) Burros Hull et al. 





cog 


1/Vi? oe 7 





1.123 
1.073 
0.846 
0.602 
1.369 
1.030 
0.944 
0.831 
1.181 


1.114 
1.063 
0.843 
0.635 
1.388 
1.019 
0.934 
0.829 
1.176 


5.683 
5.420 
4.297 
3.236 
7.076 
5.194 
4.765 
4.227 
5.998 


COeOnNAUP WN 





Total 45.896 9.001* 8.999* 














*Errors from rounding off decimals pre- 
sumably account for the fact that these totals 
do not exactly equal the theoretical value 
(9.000). 
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corresponding values in Hull’s Table 6 
(4, p. 247). 

The value of the parameter c was 
estimated from Table I and equation 
32 as follows: 


‘i N 
“= ¥F(1/V2) ~ 45.896 


The values of o; were then obtained 
by applying this value of ¢ in equation 
31 to each value of 1/V;,? in Table I. 
Table I also gives the nine values of 
o, calculated from the older formulas 
(by Hull et al.) and from the present 
ones. It should be noted that the 
deviations are small. Discrepancies 
are found only in the second or third 
decimal place. 

In the fourth and fifth comparisons 
of o, in Table I, the writer’s values 
are greater than those of Hull e al. 
In the other seven comparisons of ox 
the reverse is true. If we assume the 
null hypothesis that the true prob- 
ability of a difference in either direc- 
tion is 0.5, then we can test it by 
using the point binomial, (0.5 + 0.5)°. 
The probability of seven or more cases 
of inequality as given here is 46/512 
= 0.09 (one-tailed test). The prob- 
ability of a deviation as large or 
larger in either direction from the 
expected value (two-tailed test) is 
thus approximately 0.18. Therefore 
the differences in the values of o; 
obtained by the two techniques could 
easily arise by chance. 

It was therefore expected that the 
new scale values (obtained by follow- 
ing Hull’s directions but using the 
new values of ox%) would agree closely 
with the old ones. Table II shows 
the scale values obtained by both 
techniques for each of the nine trials. 
By Definition 2, the zero of both sets 
of values is placed at that of the first 
trial. It can be seen that the scale 
values do agree to the first decimal 
place and are not very different in the 


= 0.1961. 





TABLE II 


THe COMPARISON OF THE SCALE VALUES 
OBTAINED FROM TWO DIFFERENT 
METHODS OF ESTIMATING o% 








Trial No. Hull et al. Burros 





0.0000 
0.0694 
0.3399 
0.6894 
0.8428 
0.7202 
1.3050 
1.3681 
1.8609 


0.0000 
0.0700 
0.3438 
0.6974 
0.8557 
0.7338 
1.3206 
1.3820 
1.8764 








Cenaunkhwnrde 





second. Guilford (2, p. 234) says 
that the scale values are “strictly 
accurate only to the first decimal 
place.” 

Even though the deviations are 
small, however, there is a systematic 
trend. Since the values at the first 
trial are both zero by definition, we 
may legitimately make comparisons 
only within the other eight pairs of 
values. Table II shows that, in all 
eight pairs, the values of Hull e¢ al. 
are greater than those of the writer. 
The one-tailed probability calculated 
from the point binomial is 1/256. 
The two-tailed probability is thus 
1/128. The trend is therefore sig- 
nificant at the one per cent level. 
Although the differences are statistic- 
ally significant, however, they are not 
of practical importance in computa- 
tion, since they are relatively small. 

To save space, no graph is pre- 
sented. The reader may plot the new 
values against the old ones to check 
the following statements: 


1. The points fall closely upon a 
straight line drawn from the origin 
through the last point. 

2. This line has a slope of 0.9917 
which differs from the theoretical 
slope (1.0000) by only 0.0083. This 
is well less than one per cent error. 


i 
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SUMMARY AND CONCLUSIONS 


1. A general set of postulates, based 
upon Hull’s theory of behavior, is 
presented as the theoretical basis of 
the quantification of effective reaction 
potential. These postulates are be- 
lieved to be logically independent of 
those dealing with other constructs 
such as habit strength, drive, etc. 

2. The derivations of the approxi- 
mate formulas for estimation of gx, 
first written by Thurstone, are re- 
stated in terms of Hull’s theory. 

3. From the same postulates, alter- 
native approximate formulas are de- 
duced for the estimation of o,. These 
have the following properties: 


(a) They yield nearly the same 
values of o, as do Thurstone’s for- 
mulas; the new scale values based on 
the new o; values are slightly but 
significantly less than the old ones; 

(b) They are presumably as valid 
as those of Thurstone; 

(c) They involve less labor of com- 
putation; 

(d) Although derived here in terms 
of Hull's theory, their algebra may be 
considered independently of any par- 
ticular theory of behavior; 


(e) Therefore the newer formulas 
may have application not only in 
quantitative behavior theory but also 
in psychophysics and in social psy- 


chology. 
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